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T FREQUENTLY HAPPENS IN INDUSTRY that the 
characteristics of the man who gave his name to 
the company he founded are lost in the passage of 
time. Sometimes it may be a good thing, more 
often a state of affairs to be deplored. We make 
no claim to superiority because we have retained 
the most pronounced characteristic of our founder, 
A. C. Reyrolle. We merely state the fact. 

He was a mechanic with few equals, but more than 
that he was infinitely painstaking. Throughout his 
life he impressed on all who worked for him the 
supreme importance of doing the very best possible 
job, whether designing a piece of new and revolu- 
tionary gear or simply filing metal. 

During his day and since, we have specialised in 
switchgear. That is perhaps not the most important 
thing. The emphasis is on the fact that we attempt, 
by every means in our power, to specialise in 
switchgear that is painstakingly good. 

Our primary concern is designing and producing 
switchgear, so if you have any transmission or 


control problems, why not talk to us. 


If you want to talk switehgear 
--- talk to Reyrolle 


A. REYROLLE & COMPANY LIMITED - HEBBURN - CO. DURHAM 


FAIRLIE 


Represen 
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Head Office and Works : 


KILMARNOCK, SCOTLAND 
SOMBAY OFFICE: 

9, WALLACE STREET. P.O BOX 443 
CALCUTTA OFFICE: 


FAIRLIE HOUSE, FAIRLIE PLACE 
P.O. BOX 2115 


Representatives in most countries 
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GLENFIELD 


CONTROL VALVES 


for Hydro-electric 
Power Plants 


cuum V alve 


LOCATED at changes of gradient or 
immediately downstream of automatic 
self-closing valves in LARGE STEEL 
PIPELINES, TO OPEN AUTOMATIC- 
ALLY on the formation of vacuum 
which may occur at change of load, 
when the pipeline is being drained, 
or in event of a burst, and thus by 
permitting the free inflow of air 
TO SAFEGUARD THE PIPELINE 
AGAINST COLLAPSE. 

















Mounting in our Works of a new 30,000 kVA - 
6,600 Volts - 333 R.P.M. vertical-shaft alternator. 
This machine will equip the DELCOMMUNE Power 
Station, N’'zilo Falls, and will contribute, with two 
other identical Units now under construction, to the 
industrial development of the Belgian Congo. 


SOE. 


ATELIERS pe CONSTRUCTIONS ELECTRIQUES ve CHARLEROI 
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The first four 19,000 h.p. 
Pelton Turbines installed 
for the Government of 
Mysore at the Jog Falls 
Station came into commer- 
cial service at the end of 
1948. 

Further extensions to this 
Station comprise four 
double runner 4-jet hori- 
zontal shaft Peltons, each 
designed to develop 32,500 
h.p. under a nett head of 
1190 feet. 


Manufactured at the 
Works of Markham & 
Co. Ltd., Chesterfield. 


at 


Boving 


E COMPANY LIMITED 


WATER POWER ENGINEERS 


Head Office: 
56, KINGSWAY, LONDON, W.C.2, ENGLAND 


Branch Offices: Wellington: Druids Chambers, Woodward Street. 
Melbourne: 99 Queen Street. 
Representatives in all Calcutta: c/o Messrs. Macneill & Barry Ltd., 2 Fairlie Place. 
parts of the world. Chittagong :(Pakistan ) c/o Messrs. Macneill & Barry Ltd., Strand Road. 


8.C.3 
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Giant hydro-electric schemes in all parts 
of the world make use of BRECO Aerial 
Ropeways and Cableways. 

One of the largest builders of heavy capacity 
Ropeways and Cableways in the world, 
BRECO will supply advice and technical 
information willingly, and without 
obligation. 
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Dominion Turbine and Spherical Valve 


for SPRAY DEVELOPMENT of 


Calgary Power Ltd., Alberta, Canada 
H.P. 62,000—Head 875 ft.—Speed 450 RPM 


> A high head Francis turbine re- 

: . cently put into service in Canada, 
built by Dominion Engineering, 
manufacturers for over thirty 
years of the famous Dominion 
Turbines—Francis, Propeller and 
Impulse types—which are harnes- 
sing more than half the water 
power developed in Canada. 





Top Left—Spherical Valve and Spiral case undergoing 
shop tests. 


Left Centre—Stainless Stee! Runner. 
Right Centre—Turbine Gate Mechanism Assembly. 
Bottom Right—56” Diameter Spherical Valve. 


DESIGNED AND BUILT BY 


ns 


MONTREAL, CANADA CABLE: DOMWORKS 
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With acknowledgement to the 
North of Scotland Hydrolectric Board 


Consulting Engineers : 


James Williamson & Partners 





SLOY DAM 











61 Miles of Rock Tunnels - 8} Miles of Concrete Aqueducts 
and Ancillary Works 


PART OF THE LOCH SLOY PROJECT 
CONSTRUCTED BY 


BALFOUR, BEATTY & (0. 


LIMITED 
66 QUEEN STREET, LONDON, E.C.4 


Also at EDINBURGH - NAIROBI - BAGHDAD - BUENOS AIRES 
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Progressive Water Turbine Design 
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Wis Geese Large testing hall of our 
.ieeeee §8 water turbine experimen- 
tal and research station 
“Brunnenmihle” with 
cavitation test stand. 


. ° 
oe 


For many decades we have been carrying out experimental work in all fields of our hydraulic activities: 


Hydraulic model tests 
to determine most efficient channelling of water flow to.and from the turbine. 


Model tests of 

Automatic weirs 

Sluice gates and shut-off valves for penstocks 
Water turbines and storage pumps 

Study of any draft tube problem 


Our experience gained from building and supplying more than 15,000 water turbines, storage pumps, weirs, 


gates, shut-off valves, etc., and the unceasing scientific work in our testing stations vouch for economic 
and dependable operation of power stations fitted with equipment of our manufacture. 


J. M. Voith omou. Engineering Works 
Heidenheim (Brenz), Germany 
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PELTON: 


s Pipelines 
KAPLAN . Sluice Gates 
Travelling Cranes 


FRANCIS 


ENGINEERING WORKS THEODORE BELL LTD. 
KRIENS/LUCERNE (SWITZERLAND) 
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N othing so simply and swiftly clears a building or 
drainage site of subsoil water as Millars’ WELLPOINT 
Dewatering System. 

Correctly placed and installed, Millars’ WELLPOINTS 
will function in running sand or where heavily water-logged 
conditions are encountered — so effectively that trenches 
and foundations up to 20 ft. below water level can be 
excavated without timber where sides can be ‘battered’. 

The employment of Millars’ WELLPOINT Dewatering 
Equipment makes incalculable economies of time, labour 


and plant, and ensures completely dry working conditions. 


MILLARS’ 


WELLPOINT 
DEWATERING SYSTEM 





This was the problem confronting the 
Contractor on the site at Chadwick 
Fields Estate, Middlewich. 


The problem solved by Millars’ 
Wellpoints. Header pipeline can 
be seen at right of trench. 


MILLARS’ WELLPOINT DEWATERING PLANT is 
available on hire . . . We shall be pleased to send you 
fully descriptive brochure on this system. 


MILLARS’ MACHINERY COMPANY LTD. 


WELLPOINT DEPARTMENT, CROMFORD HOUSE, MANCHESTER 4. BLA 8813/4 
London Offices: Pinners Hall, Great Winchester Street, London, E.C.4 * Head Office & Works: Thorley, Bishop’s Stortford, Herts. Tel: Bishop’s Stortford 694/5 
Service Depots: Belfast, Birmingham, Bristol, Dublin, Glasgow, Leeds, Londen, Manchester. 
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The SMITH Impulse TurBine 


obtainable with the older. method of bolt- 
individual buckets to the turbine hub. 
the use of smaller 


FOR remote and mountainous sections, in 
which inaccessibility and transportation ing 
present serious problems, the advantages o, Higher speed permits 
framed generators with a consequent re- 


the Smith-Impulse Turbine are apparent. Its 
duction in overall costs of equipment and 


simplicity of design makes installation 


much easier and operation by unskilled power house. Investigate the benefits to you 


attendan:s practical of the Smith-Impulse Turbine. Write 

The solid cast runner design of the Smith- 

Impulse Turbine permits closer spacing and 

use of more and larger buckets, resulting ir S a M 0 R G A N S M ! T H Cc 0 M P A N Y 
higher speed and efficiency than that YORK * PENNSYLVANIA‘: U‘S°‘A: 
THE HARLAND ENGINEERING CO. LTD., ALLOA, SCOTLAND 


Manufacturing Licensees for the British Commonwealth 
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Quarry to Batching PLANT 


STONE & AGGREGATE 


INDUSTRIAL 


guwooP 


CONVEYORS 
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SCOTLAND - TUMMEL GARRY - LOCH SLOY 
ERROCHTY DAM 


AFRICA - OWEN FALLS - UGANDA 


INDIA - HIRAKUD DAM PROJECT 


HUGH WOOD & CO. LTD. !/HuWOO! 


Head Office & Factories: GATESHEAD-ON-TYNE, I1 
Industrial & Export Office: DASHWOOD HOUSE, 69, OLD BROAD STREET, LONDON, E.C.2 
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Arrol: 


experience of the variety of problems peculiar to 


hydro-electric power generation schemes is evidenced in 


many of the world’s most modern installations 


ipelines 


The quadruple pipelines of the Loch 
Sloy scheme at an advanced stage 
of construction. Manufactured 
and installed by Arrol, who also 
built the steel framework of the 
power house and its 120-ton over- 
head crane. Other modern projects 


include those in Eire and Portugal. 





Surge Tanks, Penstocks, Sluices and other Hydro-electric 


& Equipment. All types of Steel Framed Buildings, Fixed 
and Opening Bridges, Cranes and Mechanical Engineering 
e Work, Compressed Air Locks, Hydraulic Machinery. 


SIR WILLIAM ARROL & CO. LTD., GLASGOW 
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THE 
GREAT 
MASTERS 


Louis Pasteur (1822-95) the greatest French 
Chemist of the I9th century invented a 
method of sterilizing milk, to which his name 
has become universally applied and Is used in 
common practice the world over, today. 


The name ‘Taylor Tunnicliff’’ has become 
synonymous with all manner of high quality 
ceramics serving the electrical and electronic 
industries of our own age. 


TAYLOR TUNNICLIFF & CO., LTD. 
Masters of Porcelain Insulation 


PORCELAIN INSULATORS & BUSHINGS FOR ALL HIGH VOLTAGE INSULATION - DIE MADE PORCELAINS 
LOW LOSS CERAMICS - REFRACTORIES FOR ALL ELECTRICAL HEATING - FISH SPINE BEADS 


HEAD OFFICE: EASTWOOD - HANLEY - STAFFS - Stoke-on-Trent 5272/4 
LONDON OFFICE: 125 HIGH HOLBORN - W:C-1 ~- Holborn 1951/2 
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AERIAL ROPEWAYS).~ - 
CABLEWAY‘S--" 


MANUFACTURED IN GREAT BRITAIN ak a 


RS tage 

\-oCERETTI & TANFANI ROPEWAY CO. LTD. 

ue © LA GAMPERIAL HOUSE, DOMINION STREET, LONDON, E.Ce2 
Telephone: CLErkenwell 1777 (8 lines) | Telegrams: CERETANFA, LONDON 
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RapieR Gates control flood water and retain the high tide level on 


the River Clyde in Glasgow. The installation includes three 80-feet 
y-% P ji i span gates, |2-feet deep with bridge work and electric operating 
gears. The gates automatically turn under the arches in the fully 


raised positions. 


WATER CONTROL GATES 


for 
Power Plants Water Supply 





River Control Irrigation 


Locks & Docks 


RANSOMES & RAPIER LTD 


ENGLAND 
IPSWICH—Waterside Works 32 Victoria Street—-LONDON 
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OVER EIGHT 
MILLION 
HORSEPOWER 


The Newport News Shipbuilding 


and Dry Dock Company has re- 


ceived orders for the building of 
hydraulic turbines aggregate rated 


output. of 8,135,000 horsepower. 





ASSEMBLY OF SPIRAL CASINGS FOR C. J. STRIKE DEVELOPMENT 


NEWPORT NEWS 
SHIPBUILDING AND DRY DOCK COMPANY 
Newport News, Virginia 
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Protect your installations against 
atmospheric overvoltages by the new 


OERLIKON 


“Revar” Lightning Arresters 


Revar Lightning Arresters with the discharge 
gap enveloped in cast resin are closed her- 
metically in two different ways. They are 
completely insensitive to climatic influences 
and offer a maximum of reliability. 


OERLIKON ENGINEERING COMPANY @ ZURICH 50 
London Office : Victoria House, Southampton Row, W.C.1 
Also in numerous other countries of the world. 
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T LOCH SLOY, the most modern 
hydro-electric power station in the 
world, all turbine, generator, switch- 
gear controls and meters necessary for 
synchronising and efficient loading have 
been centralised in the control room by 
means of Standard Miniature Direct Wire 
Remote Control, the first system of its 
kind to be applied to the control of 


hydro-electric generators. 


ST j ‘ trol , . ‘ 
nee Semmee Soe Using entirely telephone-type apparatus, this advanced control 


desk and mimic diagram 
at Loch Sloy power station system convincingly demonstrates that miniature, easy-to-handle 
__ provides full facilities for equipment is safe and reliable when applied to the control of the 
direct indication and control 
of four 32 MW generators 
aad ax 152 EV Seeders. in the field of telecommunications, the most exacting require- 
Generator controls include 
Raise-Lower speed, 
Raise-Lower excitation 
and Open-Close generator 
circuit breaker. Fingertip 
controls operate 50V D.C. 
circuits at a few milliamps, 
enabling telephone cable to 
be used instead of the 
multi-core V.I.R. cable needed 
with older systems. All 
protective en are Srandard Telephones and Cables Limited 
continuously monitored and 
indicated by a STANDARD 
Direct Wire Alarm system. 


largest generators and is indicative of Standard’s ability to meet, 


ments of modern power generation. 


Registered Office : Connaught House, Aldwych, London, W.C.2 


TELEPHONE DIVISION OAKLEIGH ROAD - NEW SOUTHGATE - LONDON, Nill 
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Lakdell 


HYDRAULIC TURBINE 


increases 











power output at 


WILBUR DAM 


> of the Tennessee Valley Authority 














The Wilbur power project of the TVA is another 
instance where a Leffel hydraulic turbine was 
used for the expansion of existing power 
facilities. For the Wilbur installation a Leffel 
Cast steel propellers V eg vertical propeller-type hydraulic turbine was 
type runner for the 2 used — maximum rated at 11,500 HP, under 67 


ny tna en _ . a feet net head, speed 180 RPM. 


The Wilbur project demonstrates once again 
that the long-range economy and depend- 
ability of Leffel turbines make a valuable asset 

on for any expansion or rehabilitation. Our 
pletely assembled in facilities are backed by 90 years of reliable 
the Leffel plant. ; service to the water power industry. Why not 
, let us help you with your project, whether it be 
expansion, rehabilitation or a new installation? 





BRAKE HORSEPOWER 
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| | Cu | One Leffel fixed blade 
os G —, propeller turbine unit 
- EFFECTIVE HEAD oi. No. 4, Wilbur Tennessee 
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64 FEET Dam, Tennessee Valley 
Lifting the combined runner, shaft and cover. ote OF WENE.. AY. Set MES 
" - P.M. , 1950. : 
plate during the field installation. pondinepten we > yas 
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Field Test Results 




















—\ THE JAMES LEFFEL & CO. 


MORE EFFICIENT HYDRAULIC POWER FOR 30 YEARS 
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@eiro 
«| SEYGALILEO 


4 Di BATTAGLIA TERME (PADOVA) S. p. A. 








Barrage at Bassano del 


long, 44 metres high, Grappa—4 Sluice gates, 16 metres 


of which two are automatic 













































| BRIDGES | 
wide facilities for research. 
important contracts carried out 


: TS] STAGL CONSTANETIONS 
more than 100 years'experience. 
Me enks 
modern and scientific methods 
HOPPERS for key industries in Italy and 


CRANES 

6 large establishments in Italy. 
TRUSSES of production. 

throughout the world. 











LIFTS 


AND ALL TYPES OF STRUCTURAL 
STECLWORK & GONPRAL ENcineeRinc 
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OUTDOOR 
‘SWITCHING STATIONS 


FOR HIGH VOLTAGE TRANSMISSION 


vetres 






































THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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Li« Hackbridge & Hewittic Electric Co. Ltd., has 
a long and extensive experience in the.manufacture 
of water cooled and other types of TRANSFORMERS, up 
to the largest sizes, for hydro-electric power distribution. 
HACKBRIDGE TRANSFORMERS have established an 
unrivalled reputation for reliable service in world-wide 
hydro-electric installations, with operating conditions 
ranging from the tropical heat of East Africa to the 
extreme cold of Northern Canada. 





HACKBRIDGE AND HEWITTIC ELECTRIC CO. LTD., WALTON-ON-THAMES, SURREY, ENGLAND 


Telephone: Walton-on-Thames 760 (8_lines) Telegrams: ‘ Electric,” Walton-on-Thames 
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FUSARC 


T E D 


specialists in 
the design and construction 
of complete mechanised automatic 
welding installations 
equipped with either of the two 
established welding 


processes 


Licensees for 








Fysa’ UNIONMELT 





























visible arc welding submerged arc welding 


all enquiries to:— 


FUSARC LIMITED 


TEAM VALLEY TRADING ESTATE 
GATESHEAD II Co. DURHAM 
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FOR MODERN TUNNELLING 


The well-merited popularity of the light drill technique for hard rock 
tunnelling is a story of development ... of arriving at the ideal combination 
of Light Rock Drill/Support Leg/Tungsten Carbide tipped steel. Take first 
the CP-32 Rock Drill for its proved performance and low maintenance 
costs ...add the CP ‘‘Feedleg’”’ for its rugged construction and sensitive 
control ...then add ‘‘SECO”’ tungsten carbide tipped Swedish rods ...and 
you have the basic reason for the choice of CP equipment for some of the 
most important tunnelling contracts. 


CONSOLIDATED PNEUMATIC TOOL co. LTD. - LONDON & FRASERBURGH 
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AS ; ¢ : 
Touching up the tungsten carbide tips of A view in the pilot heading of hydro Diagrammatic illustration of the 
drill steels with a hand held CP-3050 electric tunnel showing CP ‘‘Feedleg ““FEEDLEG DRILLING” operation 
Die Grinder. Drilling” from the top of a muck pilc shown in the adjacent photograph. 
with loader working in foreground. 


THE ROCK DRILL The cP-32 Rock Drill is a 
machine of proved shift after shift performance, a drill 
which continues to stand up to slogging work. Because of 
its freely acknowledged low maintenance coupled with its 
low air consumption the CP-32 has acquired even greater 
popularity since its application to ‘‘Feedleg Drilling’’. 


—_ We. _/ 


= uct = 


THE STEEL “seco” Steels, the finest 
Swedish tungsten carbide tipped rods world 
famed for. top performance, now form part of 
the CP combination for the ‘‘Feedleg Drilling”’ 
technique. 





THE FEED the pneumatic feed for the light drill 
technique is brought to perfection in the CP ‘‘Feedleg”’. 
The big piston rod ensures freedom from ‘‘whip’’. The 
drill bracket is robust and with the new sensitive throttle 
giving instantaneous response and infinitely graduated 
feed the operator has perfect control. 


The combination of unrivalled CP-32 Rock Drill, plus the outstanding CP 
“‘Feedleg’’, plus the world famed ‘‘SECO”’ tungsten carbide tipped Swedish 
rods, brings the light drill technique to its highest pitch of perfection. Send to 
the address below for Catalogue No. 51 which contains complete information 
on CP rock drilling equipment with illustrations and full specification. 











REGISTERED OFFICE: 232 DAWES ROAD, 


WATER POWER August 1952 








Post Insulators 
were specified by the 

New South Wales 

Public Works Department for 
Burrinjuck Sub-tation. 


All S.P.p. Cylindrical Post Insulators are protected by British Letters Patent 


qT 


, 


The Burrinjuck 132 kV Switching Station was equipped with Cylindrical Post 
Insulators type P.703. This is one of many stations on the New South Wales Public Works 


Department system equipped throughout withsS.P.P. Post Insulators for 110 kV and 66 kV. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire, Telephone Stourport | II, Telegrams : Steatain, Stourport. 
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“ORTHOJEC 


LOW OIL CONTENT CIRCUIT BREAKERS 


FROM 3 TO 400 kV; FROM GO TO 8,000 MVA ? 
SYMMETRIC BREAKING CAPACITY. Wa 


* 
ton" | 
we 20 years experience 
la sit i x 10,000 three-pole apparatus 

e yn widely distributed all over the 
world, more than 1,500 of 


which are above 60 kV. 
xe numerous tests in official 
Stations. 


GENISSIAT POWER 
STATION 

Some of the 8 ** Orthojecteur”” 

circuit breakers, 220 kV 

5,000 MV A, equipping the 

High Tension Station. 


LYON-VILLEURBANNE - FRANCE 
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NATURAL 
RESOURCES 
HARNESSED 


rm 


Member of the AEI group of companies 





Hydro-electric Equipment 


A natural source of perpetual power lies in the upland lakes and rivers of 

almost all countries. To harness it, BTH supply all plant required for 

hydro - electric power schemes. 

The long experience of hydro-electric engineering possessed by BTH is 

one reason for the superiority of their equipment. Another is the exceptional 

capacity of the Rugby works, where plant on a very large scale, such as is 
required for many hydro-electric 
schemes, can be built and assembled 
without restriction. 


Top: Artist’s impression of the Los 
Peares Power Station, North-west 
Spain. 

Left: Stator (under construction, 
in the BTH works) for one of the 
three vertical waterwheel-driven 
alternators (62,400 kV A., 11,000 
volts, 3-phase, 50 cycles, 214 
r.p.m.) to be installed in the above 
Power Station. 


For all plant required for 
Hydro-electric Power 
Schemes — Consult BTH 





THE 





BRITISH THOMSON-HOUSTON 


COMPANY LIMITED, RUGBY, ENGLAND 
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HIGH PRESSURE PIPE:‘LINES FOR HYDRO-ELECTRIC POWER PLANTS 


FERRUM (England) LIMITED, London, and their Associate Company, FERRUM MONTAGE 
A.S., Oslo, Norway, have for many years specialized in Design, Supply and Erection of High 
Pressure Pipe Lines for Hydro Electric Power Plants. 


More than 300 contracts have been carried out by the Ferrum Organization for 
supply of High Pressure Pipe Lines to all parts of the world. Since the beginning 
of 1946 Contracts for the Supply and Erection of High Pressure Pipe Lines 
have been placed with our Organization for 44 separate Hydro-Electric Installa- 
tions, including highly important Power Plants in Norway, India, Tasmania 
and Victoria (Australia). 


We shall be pleased to send on application pamphlets containing illustrations and lists 
of Pipe Lines supplied by our organization 


FERRUM (England) Limited  encineers 


STAFFORD HOUSE, 43 NORFOLK STREET, LONDON, W.C.2 
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Sluderno - Cesano 230 kV Transmission Line: Strain Tower near Stelvio Pass 


S A E: OVER 25 YEARS DESIGNERS, SUPPLIERS AND CONTRACTORS FOR: 


Power transmission lines 

Railway, tramway and trolley-bus contact lines 

Overhead and cable telegraph and telephone lines 

Electric light and signal installations 

Lattice towers for power lines and substation structures 

Steel structures for industrial buildings, warehouses and radio towers 
Centerings for bridges and frameworks of all kinds 

Galvanized fittings for electric lines and substations 


Erection equipment 


SOCIETA ANONIMA ELETTRIFICAZIONE S.p.A. 
Via Larga, 8-Milano (Italy) 
Established 1926 
Telephone 898.142 Cables: ELETTROBRENNERO MILANO 
London Representative Office: 2 Victoria Street, S.W.1 Telephone: ABBey 7210 
Subsidiary Companies, Branches and Representatives throughout the World 
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Specialists 





IN THE DESIGN AND MANUFACTURE OF 


WATER TURBINES. 


UP TO 1,000 B.H.P. 








The illustration is of a 
horizontal shaft cased 
Francis Turbine for 
operation under a head 
of 90 ft. This machine 
has recently been built 
for electric power 
generation at a Tea 
Factory in Ceylon. 


OIL-PRESSURE 
GOVERNORS 


SLUICE GATES 


AND‘COMPLETE | 
HYDRO-ELECTRIC (=~ 
INSTALLATIONS 








THE Armfield nyorautic ENGINEERING CO. LTD. 














RINGWOOD - HAMPSHIRE * ENGLAND : 
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THIS specially 
treated shock 
resisting Steel 


.. and 

THIS Victor 
Tungsten 
Carbide insert 


COMBINE TO GIVE YOU LOWER COST DRILLING NOW 


A vicToR’s 20 years’ experience in the manufacture have stood up to performance tests as tough as we 
of tungsten tipped rotary drilling bits has gone can make them and are now ready to take their place 


into the development of these new drill steels. They in the world famous range of Victoz mining tools. 








THE NEW? - 
a if 2S : 
HOW MAKING THEIR MARK W DRLLING Kel Ke) 


eek DRILL STEEL 


SEND FOR DETAILS — NOW! 


sl _ sn 


VICTOR PRODUCTS (WALLSEND) LTD - WALLSEND-ON-TYNE - ENGLAND 
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for 


- the planning and construction of railway sidings, Wards offer a high ' DI wi G$ 
degree of technical skill and experience. Wards have been building 


sidings for nearly half a century and thus bring to the subject an extensive 
knowledge of a variety of operating conditions, Similarly, in the supply of 
railway equipment generally, Ward's Rail Department service covers new 
and re-usable rails of all normal sections, as well as switches, crossings, 
turnouts, buffer stops, etc. Associated supplies include colliery arches, pit The layout illustrated above shows 
props, roofing bars, floor plates, and, of course, all manner of track acces- a ladder of sidings at the Primrose 
sories and tools, In short, Wards have a comprehensive service on every Hill Unit of the National Coal Board, 


aspect-of railway siding, planning, construction and maintenance for by whose courtesy the photograph is 
reproduced. 
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For the two North of Scotland Hydro-Electric 
Board generating stations at Pitlochry and Clunie, all 
main power and auxiliary cables were supplied by 
BICC. This Company also supplied the 3-core 11kV 
cables and 30-core 7/.029” auxiliary cables which link 
the two stations. The installation work was carried 
out by B.LC. Construction Company Ltd—a sub- 
sidiary of BICC. 

The BICC Organization manufactures, supplies 
and installs all types of cables for hydro-electric work 
all over the World. 

Above: General view of Pitlochry Generating Station. 
Right: Run of 11kV cables from switchgear to transformers 
at Clunie Generating Station. 


Consultants: Merz & McLellan. 


"BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 


Branches and Agents throughout the World 
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Flexibility of Outlook 


UR steam-power-station colleagues have been 

criticised in various quarters for producing 

cathedral-like structures in which, the critics say, 
more money and man-hours have been spent on 
building artistic fagades and mosaic flocrs than on 
the turbines and boilers. Hydro-electric men have 
generally considered themselves immune from such 
criticism. They have felt that the vital importance of 
safety in the design of a dam, where perhaps 75 per 
cent. of the capital expenditure is incurred, is such 
an overriding factor in the planning of a structure 
which will last for ever that economy needs scarcely 
be considered. It is usually the case, also, that the 
power houses and ancillary works are either under- 
ground (in which case expenditure is automatically 
reduced to the minimum) or the site is so remote 
from human activity that no particular attention need 
be paid to artistic considerations, and consequently 
the most economical design can be adopted. 

But it is possible that a change in viewpoint may 
become necessary within the next decade. The genera- 
tion of energy by means of nuclear fission is un- 
doubtedly becoming more and more practical and 
will ultimately become economic as well. It is certain 
that the utilisation of the power lavishly provided 
by nature, in an inexhaustible fashion, through the 
medium of falling water will never be discarded; but 
that does not mean that hydro power will not have 
to fight for pride of place among the items in a 
country’s economic budget. 

It is interesting, therefore, to consider whether any 
measures of radical economy in construction can be 
contemplated without any deviation from the highest 
standards of safety. 

One line of thought which may lead in this direction 
is that of the use of prestressed concrete in dam con- 
struction. The volume of material required may in 
this way possibly be reduced by as much as half; 
and in isolated terrains, the inevitable locations of 
future hydro plants, the easing of the burden of trans- 
porting great quantities of cement, sand and aggregate 
may be very coniderable. It would, however, obviously 
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be necessary to seek new designs before such a change 
(for example, from a proposed mass-gravity project) 
was contemplated. The extensive research which has 
taken place over the last few years into the employ- 
ment of prestressed concrete on bridges and in con- 
nection with very large buildings could, perhaps, be 
made available in aiding the civil engineers to re- 
consider conventional dam designs. 

Again, at the present time the mechanisation of 
constructional work is only seen at its highest pitch 
on a very small percentage of dam projects. Increasing 
rates of pay for construction workers in almost every 
country, mean that every possible attention must be 
paid to methods for reducing the Jabour bill. 

The location of power plants underground in suit- 
able cases has been advocated by leading hydro- 
electric engineers for many years, but if the newest 
methods of tunnelling can bring even greater speed 
at even less cost, there may well be a case for a much 
greater increase in the number of power plants where 
the whole of the machinery, including the power 
intakes, is entirely situated in tunnelled chambers. 

The number of generating units into which the 
sStation’s planned output will be divided is another 
factor that may well have an important influence on 
the cost of the project. If the station does not exceed 
about 100 to 120 MW in ultimate capacity, there may 
well be a case for the installation of a single unit, 
with consequent economy in many directions. This 
practice can only be considered if there are suitable 
interconnecting arrangements of adequate capacity, 
to enable the unit to be taken out of operation when 
required for maintenance. There are a number of 
examples of large single-unit stations, and some of 
them are equipped with entirely automatic remote- 
control devices, so that no operating attendants are 
necessary. This provides an important saving, not 
only in capital costs, but also in running expenditure. 

It is unlikely that any substantial economies can 
be achieved in regard to the turbines and generators. 
The possible application of hydrogen cocling to the 
alternators has been considered, but has not been 
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found to be*justified in view of the speeds at which 
hydro-electric generators run. The conditions under 
which this method of cooling gives substantial ad- 
vantages to the operators of a steam-driven turbo- 
alternator are very different. The use of grain- 
oriented magnetic steel for the rotor and stator 
laminations has also been discussed both for steam 
and water-driven alternators. In neither case was it 
felt that any significant advantages could be obtained. 
Nevertheless it may happen that the adoption of new 
design principles, or the adaptation of old principles 
carried out in new ways (such for example as the 
induction alternator) may bring substantial savings 
in the cost and bulk of water driven generating 
machinery in the years to come. 

Flexibility of outlook is perhaps a characteristic 
more prominently seen in the type of engineering 
mind concerned with nuclear fission than with hydro- 
electric development, but the events pressing upon 
us in the world of power development may mean that 
water-power engineers will have to reconsider lines 
of thought they may have begun to take for granted. 


The Bombing of the Yalu River Plants 


Ir is a tragic reflection, for hydro-electric engineers, 
to think that only in 1950 plans were being formulated 
to add 59 MW to the power generating capacity in 
Korea, and that the Marshall Plan was the agency 
by which finance was to be made available. Now, 
through the exigencies of the war, it became necessary 
for American money to be applied to the destruction 
of a much greater amount of hydro-electric capacity, 
in the recent raids on the Yalu river installations. 

The Suiho dam is one of the largest hydro-electric 
projects in the world. Extending across the Yalu river 
at a point about ten miles from the town of Sakchu, 
about 45 miles from the mouth of the River Sinuiju, 
its ultimate output is of the order of 935 MW. It plays 
a large part in supplying the mines and factories of 
Manchuria, and also the shipyards of Port Arthur, 
on the Chinese coast. 

The majority of the Yalu river plants contain 
hydro-electric machinery of Japanese manufacture, 
but European makers have supplied equipment for 
other water-power schemes in North Korea. For 
example, the German firm of J. M. Voith, equipped 
the Fusenko station, associated with the Pujon reser- 
voir, with four single-wheel impulse turbines having 
a total capacity of 185,000 h.p. and operating under 
a 2,000 ft. head, in 1930. 

The total potential output from all harnessable 
water-power sources in the peninsula of Korea has 
been estimated at 32,000 MW, only 13 per cent. less 
than that of the Scandinavian peninsula —a figure 
which places it among the world’s most important 
power developing areas. 


A Channel Power Cable? 


MR. GEOFFREY LLOYD, Minister of Fuel and 
Power, told the House of Commons last month that 
the British Electricity Authority and the Electricité 
de France had set up a joint committee to consider 
the possibility of a submarine power cable under the 
Channel to connect the electricity grids of the two 
countries. The joint committee had made a report 
which indicated that it should be technically possible 
to have such a cable although a great deal of experi- 
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ment would be necessary to make sure that it could 
be constructed properly. The experience gained in the 
laying of the Pluto oil pipeline during the war would 
be useful. The committee felt that the project was 
commercially desirable because the peak hours of the 
countries were at different times. At some time in the 
future we might draw some power in this country 
from the hydro-electric stations of the Alps and make 
a similar return across the cable from the coalfields 
of the East Midlands to France. The British Electricity 
Authority was now considering the report and the 
Government would consider it as well. 


St. Lawrence Seaway 


SUBSTANTIAL orders for British electric and en- 
gineering firms may result from Canada’s £292,143,000 
St. Lawrence Seaway and Power project, which will 
provide a seaway for ocean-going ships from the 
mouth of the St. Lawrence to the shores of the Great 
Lakes. An official at Canada House is reported to 
have said that the Canadian Government is not giving 
the date for completion of the project, but is clear 
about increasing economic needs. In addition to 
increasing iron-ore requirements, Ontario will need 
electric power from the St. Lawrence development by 
the end of 1956. 

The United States Senate, by forty votes to thirty, 
decided to send the St. Lawrence Seaway Bill back 
to the Foreign Relations Committee which had re- 
ported the Bill to the Senate without any recom- 
mendation. This decision was taken in spite of an 
appeal by President Truman, who said it would be 
one of the worst economic mistakes ever made by a 
country to let the St. Lawrence Seaway project fail 
by default. In Ottawa, the Minister for External 
Affairs said the Senate vote meant that Canada would 
go ahead immediately with its own plans. 

An article on the St. Lawrence Seaway appears on 
page 284 of this issue. 


Blaenau Festiniog Withdrawal 


FoLLowinG the withdrawal of the section of the 
hydro-electric scheme which affected Blaenau Festi- 
niog, a visit was recently paid by the clerk and 
members of a sub-committee of Festiniog U.D.C. to 
the Wrexham headquarters of the British Electricity 
Authority, where, in company with Mr. T. W. Jones 
(M.P. for Merioneth) they put forward the Council’s 
view which expressed great disappointment that the 
scheme had to be withdrawn. Mr. Josiah Eccles, 
chairman of the Merseyside and North Wales Elect- 
ricity Board, and Mr. T. Gallon (Divisonal Controller, 
North Wales Area), explained that in view of the 
nature of the objections by the quarries, the British 
Electricity Authority had no choice but to withdraw. 
Immediate attention was being given, however, to an 
amended plan and the Cwmorthin scheme was being 
re-examined. r 

The North Wales Hydro-Electric Power Bill has 
now passed its third reading. 


Harspranget Inaugurated 


Tue Harspranget development, which was fully 
described in our January, 1952, issue, was formally 
inaugurated on June 15, by King Gustaf Adolf of 
Sweden. This project, which has cost Kr. 270,000,000 
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(£19,000,000, $54,000,000), has two equally notable 
components: the 350,000 kW hydro-electric power 
station of Harspranget and the 600 mile trunk line 
transmitting the power down to Central Sweden at a 
potential of no less than 380,000 V, the highest poten- 
tial used in the world for power transmission. With 
the completion of these constructions, new power 
resources have been created which are of the utmost 
economic importance to Sweden. An _ additional 
2,000,000,000 kWh per year, corresponding to about 
one-tenth of the country’s total power production, 
are now being “ pumped ” down to the major indust- 
rial regions from the wilds of Northern Sweden. 


The Volta River Scheme 


Ir is interesting to speculate which particular aspect 
of the Volta river scheme was in the mind of Mr. 
Oliver Lyttelton, the Colonial Secretary, when, at a 
conference at Accra in June, he said that the risks in- 
herent in this project “must be realistically assessed.” 
On the question of the proper use of capital, he must 
have realised that whereas trade used to follow the 
flag, now it follows the pylon; without electric power, 
civilised life and industrial activity cannot be contem- 
plated nowadays. On the question of the ability of 
hydro-electric engineers to design and set to work the 
necessary plant, the report of Sir William Halcrow and 
Partners must silence by the weight of its authority, 
all but captious critics. On the question of the availa- 
bility of the minerals (predominantly aluminium ores) 
for the exploitation of which the scheme was largely 
projected, we are not qualified to speak; but we have 
before us as we write official reports dating back to 
1949, in which many qualified surveyors have taken 
part, and their judgment is to be trusted. Wherein 
then, lies the “lack of realism” in the assessment of 
the scheme’s practicability? 


Brazilian Progress 


AccorDING to the 39th Annual Report of the 
Brazilian Traction, Light and Power Co. Ltd., the 
Paraiba Pirai water diversion project, the first stage 
of which was substantially completed by the end of 
1951, was inaugurated on March 1, 1952. The first 
pumping units in the Santa Cecilia and Vigario pump- 
ing plants were put into operation, and it is expected 
that the second pumping units in both plants will be 
installed by the end of 1952. This project should solve 
the water-supply problem for the Rio system for some 
years. 

Water storage on the Rio system reached a critically 
low point near the end of the dry season, but rationing 
and improved rainfall in December averted a more 
serious crisis. The capacity of the run-of-river plant 
at Ilha dos Pombos was increased in December 1949 
from 117 to 162 MW, but the low river flows did not 
permit normal utilisation. As a result the Fontes plant, 
using water from the Lajes reservoir, had to carry a 
higher proportion of the load than is customary during 
the dry season. © 

The Rio system generated 1,701,991,100 kWh 
during 1951, an increase of 7-7 per cent. on 1950. 
Distribution transformer capacity was increased by 
23,394 kVA, and 63 new high-tension consumers with 
an aggregate load of 36,065 kW were connected during 
the year. 
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The construction of the Forgacava underground 
generating plant was continued, and by the end of the 
year about 60 per cent. of the rock excavation had 
been completed. Artificial rain experiments were 
carried out over the Paraiba Pirai river valley and the 
Lajes reservoir areas, but although rain was produced 
on several occasions it was too early to draw definite 
conclusions. 

On the Sao Paulo system the total generation in 
1951 was 3,557,558,504 kWh, an increase of 6-2 per 
cent. over 1950. Low river flows curtailed production 
at the smaller run-of-river plants, and the Cubatao 
plant was overloaded repeatedly during peak hours. 

Transformer capacity was increased by 172,984 
kVA during the year, and new consumers represented 
9,243 kW of high-tension supplies and 10,353 kW 
of low-tension supplies. 


Combined Scheme for Jordan 


A MAJOR combined hydro-electric and irrigation 
scheme which may assist in alleviating the Arab 
refugee problem is being considered for Jordan. Some 
years ago Sir Murdoch MacDonald proposed to use 
Lake Tiberias as a reservoir for the irrigation of the 
Jordan valley, but as this is no longer practicable for 
political reasons. American engineers working under 
the Point Four programme have found a site on the 
Yarmouk River at Magarin. A canal will lead from 
this reservoir to Addasiya, where a power station will 
operate under a head of 800 ft. Thence an irrigation 
canal will be cut down the Jordan valley to the Dead 
Sea and a second station built at its termination. It is 
hoped thereby to provide intensive irrigation for 
160,000 acres and to settle a large number of Arab 
refugees, in addition to employing refugees on the 
constructional work. 

The Yarmouk River forms part of the frontier be- 
tween Jordan and Syria, and Syrian consent has 
already been given in principle although a formal 
agreement is yet to be worked out. 


Hydraulic Research in Scotland 


A BIG contract for the construction of a hydraulic 
research laboratory at the Mechanical Engineering 
Research Station in the new town of East Kilbride, 
near Glasgow, has been approved, and the contractors, 
a Glasgow firm, are to begin operations at an early 
date. The estimated cost is understood to be in the 
region of £500,000. This will be the only project of 
its kind in the United Kingdom, and will be the big- 
gest in Europe. 


Naming of Dams 


A PLEASANT custom, not widely adopted, is the 
naming of a public utility project after the engineer 
primarily responsible for its planning. The Canadians 
have named some of their thermal plants after leading 
engineers associated with the project: and now comes 
the news that a graceful tribute has been paid to the 
Hon. E. T. Kenney, British Columbia’s Minister of 
Lands and Forests, by officially naming the dam 
which is being built in the canyon of Nechako the 
“Kenney Dam.” 

The work on this $550 million project was com- 
menced in April 1951, and the dam across the 
Nechako River will be 310 ft. high and 1,350 ft. long. 
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Fig. 1. General view of Cornwall and the New York Central international bridge 


The St. Lawrence Seaway 


Brief details are given of the plans now embarked on by The Canadian 

Government for the construction of a navigational channel from the 

open sea to the Great Lakes of Canada, and the large-scale power 
developments with which they are associated 





HE recent decision by the Canadian Government 
je proceed independently of the United States 
with the construction of the St. Lawrence Seaway 
marks the end of a long controversy which com- 
menced in 1941. At that time the Great Lakes-St. 
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Lawrence Development Basin Agreement was nego- 
tiated between the Canadian and United States 


Fig. 2. Map of the portion of the St. Lawrence river 
affected by the Seaway project 
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Fig. 3. Bergen Lake in the foreground, Sheek Island in the centre and Barnhart Island in the rear 


Governments, but it has not so far received Congres- 
sional approval. 

The proposal to construct a deep waterway be- 
tween the Port of Montreal and Lake Erie was first 
mooted in the early 1900’s; and a treaty was signed 
between Canada and United States in 1932. As far 
back as 1850, they constructed a series of canals, 
providing a 9 ft. channel, from Montreal to Lake 
Erie; and these channels were deepened to 14 ft. in 
1904. Canals were built later at Sault St. Marie to 
pass the rapids in the St. Mary’s river. The only 
United States action in connection with this project 
has been the provision of three additional locks at 
Sault St. Marie, including the MacArthur lock 
opened in 1943. 

The reasons which have created so strong an in- 
terest in Canada in this project are two in number: 
First, there is the strong wish to have a more economic 


and flexible system of transportation from the in- 
dustrial and agricultural regions near the Great Lakes 
to the outside world; and secondly, the need by both 
countries for further development of the hydro-power 
resources available from the St. Lawrence River. 
The project involves the provision of a channel 
which has an overall length of 2,000 miles (although 
a proportion of the work has already been carried 
out), and having a depth of 27 ft. at all points. In 
addition, the development of hydro-electric power in 
two sites at least, and possibly in a third, is envisaged. 
In order to carry out this enormous project, the 
Canadian Parliament in Bill No. 34 of the session 
which was in progress at the end of 1951, passed two 
measures. The first created the St. Lawrence Seaway 
Authority, a body which is to be charged with the 
construction of the seaway itself, and its operation 
and maintenance; and the second approved an agree- 
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Fig. 4. Sheek Island in the left background and Long Sault Island in the middle foreground 


ment between the Federal Government and the 
Government of the Province of Ontario whereby the 
latter body was enabled to embark on large-scale 
hydro-eiectric power development work in the Inter- 
national Rapids section of the river. 


In the Great Lakes—St. Lawrence Basin—five 
separate sections of the river are distinguished, and 
in all they are estimated to be capable of developing 
about 9 million horsepower. The heads available in 
these sections are:— 


Fig. 5. A view of Barnhart Island in the right centre 
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St. Marie’s Falls, lying between Lake 
Superior and Lake Huron 
The St. Clair-Detroit Passage, 
Lake Huron and Lake Erie pti 
The Niagara River, emptying from Lake 
Erie into Lake Ontario ‘ie he 
The Upper St. Lawrence River, from Lake 
Ontario to Montreal : 225 ft. 
Montreal to the sea acs ‘ips 20 ft. 
It is estimated that the Niagara section is capable 
of ultimate development to 3,600,000 h.p. while from 
the International Rapids section—the first develop- 
ment to be undertaken—some 2,200,000 h.p. are 
available. The Beauharnois section, in which there 
are already power developments, is estimated to be 
capable of providing 2,000,000 h.p., while the Lachine 
section has a possible potential power output of 
1,200,000 h.p. All this power, totalling 9 million h.p. 
as indicated above, is available on the Canadian side 
of the border, with the exception of 1,800,000 h.p. 
at Niagara, and 1,100,000 h.p. in the International 
Rapids section. The present power development at 
the Sault, Niagara, Massena (New York State), and 
Soulanges comprise about 3,000,000 h.p. in all; and 
thus there is at least 6 million h.p. to be developed. 
In the earliest stages of the project, immediate 
attention will focus on the Upper St. Lawrence River 
which is again divided into five sections. The major 
power development would take place in the Inter- 
national Rapids section, and here the main power 
dam would be situated between Barnhart Island and 
the Canadian shore. The course of the water along 
the river would be cut off by an additional dam from 
the Western end of Barnhart Island to the Southern 
shore, and by the locks at Robinson Bay and Grass 
River to be constructed for Seaway purposes. The 
international boundary iine passes through the centre 
of the proposed dam and thus half of its output 
would logically be allocated to the United States. 
The second of the five sections of the Upper St. 
Lawrence River in which power developments are 
concerned is the Soulange section where the Beauhar- 
nois power canal would be utilised for the deep sea- 
way by the provision of twin-flight locks at the Lake 
St. Louis and, adjacent to the Beauharnois Light, Heat 
and Power Company’s existing hydro-electric plant. 
The third section in which power development may 
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be carried out in the future is the Lachine section, 
where negotiations have been opened with the Pro- 
vince of Quebec for the construction of a dam and 
power house in the river near Montreal harbour. The 
project here provides for a lock alongside the harbour 
entrance, the river being guided to the dam at right 
angles to the lock and extending from it to Moffats 
Island by two dykes, one of which would cut across 
Nuns Island. For this project the Quebec Hydro- 
Electric Commission prepared five different plans and 
two of these have been selected for further con- 
sideration. The difference between the two projects 
is mainly in regard to the location of the power house 
and navigation facilities in the vicinity of the Victoria 
Bridge which crosses the river near Montreal Har- 
bour. In the case of either scheme the power hous? 
would have a total potential capacity of 1,200,00 h.p. 

The urgent necessity for increasing Canada’s hydro- 
electric resources in this region is shown by a state- 
ment by Mr. R. H. Saunders, Chairman of the 
Ontario Hydro-Electric Power Commission, to the 
effect that while present and planned developments 
are estimated to be sufficient to meet power demands 
up to the end of 1956, after that the Commission will 
have to have power available from the St. Lawrence 
scheme or else a very difficult situation will arise. 
Already, the Power Commission has had to build two 
large steam plants at Toronto and Windsor, in a pro- 
vince where cheap hydro-electric power has been 
long looked on as one of the great natural advantages. 

Turning now to some closer consideration of the 
first scheme, that to be constructed in the International 
Rapids section at Barnhart Island, of the two dams 
—the Long Sault cut-off dam and the power dam 
between Barnhart Island and the Canadian shore— 
the first will comprise a concrete gravity structure 
with a maximum height of about 145 ft. An overflow 
spillway with concrete gravity bulkhead sections on 
either side will be provided, and there will be 40 spill- 
way openings each SO ft. wide. These will be con- 
trolled by vertical-lift roller gates with fixed individual 
hoists for 18 of them, and two travelling gantry cranes 
for the remainder. 

The main power dam will be 3,501 ft. long and 
183 ft. wide. The power plant, according to the 
original plans, will be half under American control 

(Continued on page 307) 


Fig. 6. The canal and Long Sault Rapids near Cornwall 
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British Electrical Power Convention 


A brief summary of the proceedings with particular reference 
to hydro-electric matters is given by J. H. M. Sykes. 


HE fourth British Electricity Power Convention 
‘Tt concerned mainly with research, and with the 

influence of domestic loads on the supply system. 
There was also a meeting of the British Electricity 
Authority's staff, at which an address was delivered 
by the Chairman of the Authority, Lord Citrine. 

It was stated by Lord Citrine that the provisional 
statistics for 1951/52 showed a recession in the upward 
slope of the yearly demand figures. This was put down 
to the impact of warmer weather, the improvement 
in the solid-fuel situation, the influence of short-time 
working and under-employment, and the possible 
effect of adverse propaganda against the use of 
electricity. As against an increase in 1950/51 of 13 
per cent. in consumption over the previous year, the 
months of March, April and May of 1952, showed 
an actual reduction of about 3 per cent. over corres- 
ponding figures for the previous year. 

The plant situation in Great Britain, as reviewed 
by Lord Citrine, showed that a maximum output of 
14,214 MW was available, including 185 MW avail- 
able from the North of Scotland Hydro-Electric 
Board. It was thus seen that water power is not likely 
to play an important part in the overall electrical 
economy of Great Britain, since, even when the whole 
of the hydro developments are complete, no more 
than about one-fifth of the demand can be supplied 
from hydro-electric plants. 

The Authority’s plans, however, were not influenced 
by this recession in demand, and Lord Citrine entered 
a strong plea to the Government to allow an increase 
in capital expenditure allotment to permit them to 
bring up their rate of power-station commissioning to 
a figure of about 1,500 MW per annum, as against 
the figure of 1,113 MW achieved in 1951. 

Among points emerging from the proceedings of 
special interest to hydro-electric engineers, were some 
replies by Sir John Hacking, made in the course of 
an electrical forum at which a distinguished panel of 
leading figures in the supply and manufacturing 
interests answered questions sent in by the delegates. 
On the question of the use of nuclear energy, Sir John 
said that collaboration is taking place between the 
British Electricity Authority and the Atomic Energy 
Research Establishment at Harwell, and that he 
thought that within ten years they might hope for the 
establishment of.a pilot station for research and de- 
velopment work, but they looked on atomic energy 
as a supplement to normal power supplies. 

The possibility of utilising hydro power from 
France and other Continental countries, through the 
medium of a cross-Channel cable, was the subject of 
another reply by the Deputy Chairman of the B.E.A. 
Sir John said there were obviously possibilities in this 
link, but it should not be looked on as a means for 
wholesale export or import of electrical energy. He 
said that France had over half of its total capacity 
in the form of hydro power, involving a considerable 
storage element, while in Great Britain the load factor 
might well be improved if the thermal stations could 
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be better utilised during what might be drought 
periods in the hydro-power areas. 

Thus, the benefits accruing from any electrical inter- 
connection system, by way of better utilisation of 
spare plant, interchange of energy to mutual advan- 
tage, diversity through different peak hours, and the 
like would become available if such a connection 
could be established. A discussion lasting over two 
years had taken place between the British Electricity 
Authority and Electricité de France, and there was 
much interest when Sir John stated that a decision 
to commence detailed development work on this pro- 
ject might well be taken within the next few weeks. 

Asked if some of the surplus water power from 
Norway could be brought to Great Britain through 
the medium of a cable across the North Sea, Sir John 
stated that this raised a number of problems. First, 
he thought it was too early in the present state of 
development of high-voltage direct current to embark 
on so costly and extensive a scheme, and secondly, 
he felt that an entirely new form of international 
agreement might be needed whereby the Authority, 
through the British Government, might have to 
negotiate with the Norwegian Government for rights 
to build power plants in Norway. 

The main group of papers at the Convention, 
totalling eight, were devoted to surveys of the research 
activities in all fields of electrical industry. It was 
shown, in a summarising paper read for Sir Arthur 
Fleming by Mr. Kendall, that a very vast network of 
individual and co-operative research exists in Great 
Britain, probably unparalleled anywhere in the world. 

Dr. J. Forrest, Director of the British Electricity 
Authority’s research activities, detailed operational 
research carried out all over Great Britain, and among 
points he made was that a determined effort is now 
in progress on the development of the fuel cell for 
converting the chemical energy in a fuel directly into 
electrical energy without using the steam cycle. This 
may have a fundamental effect on hydro-electric and 
thermal power development in due course, and may 
lead to revolutionary changes in the power-generation 
field. However, it is likely that many years will elapse 
before practicable fuel cells are evolved. 

The benefits of co-operative research, as exempli- 
fied particularly by the British Electrical and Allied 
Research Association, were strikingly demonstrated 
in the course of a summary of the paper given by Dr. 
S. Whitehead, the Association’s Director, when he 
said that if any one contribution made by a manu- 
facturer (other than the very largest) towards co- 
operative research were spent internally, it was very 
unlikely that it would pay for the services of one 
single highly trained research worker. By co-operation 
each of the supporting organisations gained the benefit 
of the whole of the E.R.A.’s very considerable 
resources. No less than 42 co-operative research 
associations in the engineering field existed in Great 
Britain, with a total income of £3-4 million, and a 
Government grant of £1-2 million. 
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Fig. 1. The reservoir formed by Santa Giustina dam 


Santa Giustina—I 


A hydro-electric scheme on the River Noce in the province of Trento 

and recently completed by the Edison Company, one of the largest 

public supply companies in Northern Italy, contains a number of 
features of unusual interest. 


EFORE we describe this notable Italian engineer- 
Bing achievement it will possibly be helpful to say 

a few words about The Edison Company, which, 
since its origin in 1882, has done so much to pioneer 
electrical development in Italy and particularly hydro- 
electrical development. From a relatively modest 
beginning, which owed its initiation to Giuseppe 
Colombo, a professor at the Polytechnic School of 
Milan, and which consisted of a small power station 
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and public electric-supply system with machines 
designed by Thomas A. Edison, the organisation now 
controls an immense system of generating stations 
and a distributing network that covers the most 
highly industrialised area in Italy and provides for a 
population of over 12 million people. It is associated 
—in the Edison Group—with nine other public 
electric-supply companies, notably the Cieli and 
Orobia undertakings, and also owns part of the share 
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Fig. 2. A view of the Santa Giustina dam from downstream, showing the upper and lower outlets 
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capital of the Middle Adige Hydro-Electric Company, 
and the Italian Thermo-Electric Company which, as 
its name implies, is essentially concerned with the 
thermal generation of power. 

In recent years a great deal of attention has 
been given to providing additional water-storage 
capacity, particularly in the way of high-altitude 
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Fig. 3. The dam in the early stages of construction showing the light 


reinforcement on the face 
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reservoirs, in some cases combined with off - peak 
pumping systems, with the combined object of provid- 
ing against winter shortages and coping with peak 
loads. Seasonal storage reservoirs are now provided 
to a capacity of 536,000 acre-feet, equivalent to 1,194 
million kWh. In point of fact over 60 per cent. of the 
power generated is now derived from plants with 
seasonal storage, the run-of-river 
plants accounting for about 24 
per cent. and the remainder 
from plant with weekly or daily 
pondage. 

So highly integrated is the 
electric-supply system of Northern 
Italy that it is impossible to 
describe a single station without 
relating it, in some measure, not 
only to the series of interconnected 
power stations on the same river, 
but also, more often than not, 
with those of neighbouring valleys. 
In some instances one station will 
include units operating from dif- 
ferent streams and at different 
heads with the object of simplify- 
ing supervision and the layout of 
equipment, particularly the trans- 
formers and switchgear. In the 
complex of which Santa Giustina 
forms a part, the waters of the 
Noce, a tributary of the Adige 
river, are used, or ultimately will 
be used, in a succession of power 
stations in such a way as to incur 
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Fig. 4. The construction plant, including secondary crushing, batching and mixing equipment 
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a minimum loss of potential kilowatt-hours. The Santa 
Giustina reservoir is the largest storage basin in this 
system and is thus of considerable value in regulating 
the flow not only to the Taio power station to which 
it is immediately connected, but also to the Mezzo- 
corona station situated about seven miles downstream, 
and to the projected Grumo station whose tailrace will 
discharge direct into the Adige river. 

The Noce torrent has a catchment area of about 
400 sq. miles and the S. Giustina dam is ideally situ- 
ated in a narrow post-glacial gorge, with practically 
vertical sides for four-fifths of the height, and 
having a width of 25 m. at the bottom and 70 m. 
at the top. 

Unfortunately the geological conditions are not so 
favourable; the rock consists of dolomite and although 
it is compact in texture and lies horizontally it is 
heavily fissured, seamed with fine fractures and inter- 
sected by faults, one of which, just below the dam 
site on the right bank, presented a rather formidable 
problem. To cope with this weakness the buttress on 
the right bank was extended virtually to the solid 
rock on the downstream side of the fault, and a cement 
plug, accompanied by grouting, was inserted in the 
fault plane after all weathered material had been 
cleaned down to sound rock. Whatever the deficiencies 
of the dolomite in other respects, it makes an excellent 
aggregate and the resulting concrete has admirable 
characteristics. This circumstance was fortunate as it 
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Fig. 5. Sections through Santa Giustina dam 
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meant that the aggregate could be quarried very con- 
veniently on the site. To this end a dolomite quarry 
was opened up on the left bank a short distance up- 
stream of the dam. Originally of the funnel type, this 
quarry has provided all the material required, this 
being crushed and washed in an aggregate plant, 
seen in Fig. 4, which was erected on the right bank 
of the gorge. 

The shape of the gorge favoured the construction 
of a pure arch dam, that is to say, curved only along 
the horizontal planes and having no overhang at either 
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face; as the cross-sections in Fig. 5 show, both faces 
are virtually straight, the thickness of the arches 
increasing in cross section from the crown to the abut- 
ments and of course decreasing from the base to the 
crest line. The outer periphery of each arch is circular 
with one single radius, while the inner periphery is 
polycentric with three different radii; for instance at 
El. 450 m. the upstream face has a constant radius 
of 40-55 m., while the downstream one is shaped, 
from left to right, according to arcs of circles with 
radii of 19-70, 22-90, 28-43, 22-90 and 19-70 m. At 
the base of the dam, which is at a datum of 380 m., 
the thickness of the crown of the arch is 16°50 m., 
diminishing towards the crest, where, at an elevation 
of 530-00 m.; it falls away to 3:50 m. At the abut- 
ments the thickness ranges from 17:15 m. at the base 
to 3-96 m. at the crest, the final 2:50 m. of the height 
all along the crest being the same thickness as at the 
530 m. level. The angles subtended by the arch vary 
progressively from 110° at the 530 m. level to 115 

at 430 m., 103° at 400 m., and 73° at the bottom of 
the gorge, that is, at the 390 m. level. 

The stability of the dam was checked in accordance 
with Italian standard practice, instituted by State 
regulations, supposing the structure to be divided 
horizontally into elemental independent arches loaded 
by hydrostatic pressure and taking into account the 
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effects of temperature variation 
and shrinkage; deadweight effects 
and uplift pressures have been 
assumed to be negligible. 

Arches above the 460 m. level 
have been calculated as being 
fixed at both ends, while the lower 
arches have been considered to be 
sufficiently thick and massive to 
be regarded as rigid arches and 
calculated on the theory of thick 
cylinders. 

As was pointed out by Dr. Ing. 
Claudio Marcello’, who designed 
this structure, in a communication 
submitted to the Fourth Congress 
on Large Dams at New Delhi last 
year, the ratio of the centre radius 
r, to the thickness tf was assumed, 
as is customary, to distinguish be- 
tween the elastic and rigid arches. 
Usually, arches for which the ratio 
re 
— is less than five are considered 
t 
rigid, but at Santa Giustina the 
limiting ratio has been assumed 
to be somewhat lower, and those 

Z 
with the — ratio of less than three, 








t 
that is, all those above the 460 m. 
level, have been considered to be 
elastic, in accordance with the 
results of biaxial and triaxial tests 
which have been carried out at 
Milan Engineering Polytechnic on 
models of the components and 
of the whole structure, with the 
object of analysing the behaviour 
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under practical conditions. Valuable information was 
obtained from these experiments, for instance that the 
dam reacts as a pure arch (that is, that the cantilever 
effect is negligible even in the lower part of the struc- 
ture), and some modifications of arch thicknesses and 
curvature were incorporated in the final design. 

Stability checks have been carried out for arches at 
each 10 m. increment of height, and typical maximum 
stresses obtained resulting solely from the hydraulic 
loading are: 

kg. per Ib. per 
Elastic Arches (460 m. level) sq.cm. sq. in. 

Abutment of interior curve (compression) 50-0 700 

Abutment of external curve (tension) bg’ | 70 
Rigid Arches (390 m. level) 

Abutment of interior curve (compression) 39:0 550 

Abutment of external curve (compression) 35:0 350 

Shrinkage effects in the concrete were assumed to 
be equivalent to a temperature decrease of 3°C. only, 
as the vertical contraction joints were not closed and 
sealed until the greater part of the setting shrinkage 
had taken place. 

At this point it is convenient to mention that the 
light reinforcements shown in Fig. 3, where the dam 
was in the early stages of construction, take no part 
in the design strength of the structure but were merely 
inserted as a precautionary measure against cracking 
of the surface concrete during shrinkage. Grout pipes 
were embedded in the structure along both faces of 
the contraction joints, and have been injected from 
time to time to make a completely watertight job. 

Reference has already been made to the fissured 
nature of dolomite rock at the dam site. To consolidate 
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this rock an elaborate system of interlaced grout holes, 
Fig. 8, was bored and injected with cement. This 
curtain, which extends over 100 metres in depth on 
either side of the dam abutments and some 60 metres 
below the foundation, contains in all some 55,000 
linear metres of grout holes, the average cement 
absorption being at the rate of 100 kg. per linear 
metre. The results appear to be admirable, and at the 
time of our visit, when the reservoir was quite full, 
the downstream rock faces were perfectly dry. 

The general design of the structure, and the stress 
conditions determined from the stability calculations 
that were made, suggested that the final strength of 
the concrete should not be less than 300 kg. per sq. 
cm. and should have a Young’s modulus of between 
250,000 and 300,000 kg. per sq. cm. From the mixing 
plant the concrete was transported to the loading 
platform of two cableway cranes provided with 
buckets of | cu. m. capacity. As auxiliaries to the 
cableways a derrick and inclined track were in use, 
the whole of this handling equipment enabling the 
entire mass of the dam, 125,000 cu. m., to be poured 
from September 1946 to May 1950 during a total of 
33 working months. Consolidation was assisted by 
means of electric vibrators of the immersion type. 

Searching tests, which were conducted to determine 
the grading of the aggregate best calculated to secure 
optimum strength and imperviousness, indicated the 
D 
— with the 
d 
constant A equal to 12. In this equation P indicates 


Bolomey curve P = A + (100-4) 
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Fig. 9. A view of the top of the surge chamber 
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the percentage, in weight, of each ciass of the solid 
constituents, D and d the maximum and average 
dimensions respectively, and A is a constant relating 
to the percentage of cement and fine sand. The com- 
position of the concrete with the various sizes of 
particle given as percentage weight was as follows: 
per cent. 

Cement and very fine sand - zero to 0-1 mm. 12 

Particles - - - - - O1lto 40 mm. 21 

- . - - - 40 to 12:0 mm. 15 

. : - - - 12 to 30 mm. 22 

- - 33 to 70 mm. 30 


100 
For the lower portion of the dam, that is up to the 
425 level, a 680 cement was used and the mix was 
somewhat differently proportioned: 
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Fig. 10. General layout of Santa Giustina dam and associated works 




















per cent. 

Cement (250 kg. per cu. m.) + 
very fine sand - - - zero to 0-1 mm. 12 
Sand - - - - - Ol to 40 mm. 22 
Fine gravel - - - - 40 to 12°0 mm 15 
Gravel - - - - - 12 to 20) mm. 21 
Coarse gravel - - - - 30 to 70 mm. 30 
100 


The water-cement ratio was 0-6 to 1, that is 150 
litres of water to a cubic metre of concrete. It may 
be added that type 680 indicates that the ultimate 
compressive strength of the “standard mortar” mixed 
with this cement is 680 kg. per sq. cm. after 28 days 
seasoning. 

Above the 425 m. level, type 500 cement was used, 
the index figure again giving the ultimate compressive 
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Fig. 11. Sketch map showing reservoir, supply tunnel, power station and tailrace 
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strength of the resulting mortar 
after a seasoning period of 28 
days. The proportions employed 
in the mix were: per cent. 
Cement (300 kg. 

per cu. m.) + 

very fine sand zeroto 0:1 mm. 
Sand - - Olto 40mm. 
Fine gravel - 40to 12:0 mm. 
Gravel - - 12 to30 mm. 
Coarse gravel - 30 to70 mm. 


100 

Under test the compressive 
strength proved to be very satis- 
factory. Some 200 samples were 
tested and showed that the con- 
crete made with the 680 cement, 
which was manufactured by the 
Cementi Dalmatia Company of 
Spalato, had a maximum ultimate 
compressive strength of over 400 
kg. per sq. cm. after 28 days, and 
no values fell below 350 kg. per 
sq. cm. After the elapse of 12 
months the compressive strength 
exceeded 550 kg. per sq. cm. in 
some instances and in no case fell 
below 450 kg. per sq. cm. 

With the type 500 cement, 
which was manufactured by the 
Italcementi Company of Trento, 
compressive strengths after 28 
days’ seasoning were found to be . 
between 400 and 350 kg. per sq. The shuttering for lining the pressure tunnel 


cm., increasing to 550 and 470 kg. 
per sq. cm. after a seasoning 
period of 12 months. As regards 
specific weight, the satisfactory 
values which were obtained— 
between 2,600 and 2,550 kg. per 
cu. m.—were attributed in part to 
the particular care observed with 
the vibrating technique. 

A complete set of measuring 
instruments has been arranged 
throughout the structure, to obtain 
records of deflections of the dam: 
sighting marks have been let into 
the concrete on the downstream 
face and along the crest, and are 
tied into a triangulation system with 
base lines on the gorge sides out- 
side the area in which the influence 
of the dam thrust is felt. 

Strain gauges are provided in 
various points of the downstream 
face of the dam, and consist of 
studs arranged in pairs vertically, 
horizontally and at angles of 45°, 
between which a micrometer 
gauge can be placed to establish 
variations of the mutual distance, 
and therefore the strain. Some of 
these sets of gauges are isolated 
from the surrounding face con- 
crete, and serve to establish 
variations due solely to tempera- 

Fig. 15. View of the shuttering in process of being struck ture fluctuations, as a ring has 
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Fig. 16. Sections 


been cut around them into the concrete face to a 
depth sufficient to allow them to be considered as 
unaffected by any deflections of the structure caused 
by the hydraulic load. Several remote-indicating 
electric strain gauges have been embedded in the body 
of the dam, some of which are also “ isolated.” 

A further means of checking deflections of the dam 
is afforded by a set of inclinometers placed on the 
downstream face at four different levels, and by a 
collimation target set on the crest of the dam, the 
position of which is related to a fixed alignment be- 
tween two points placed outside the structure. 

Recordings of temperature fluctuations inside the 
structure are taken electrically by means of thermo- 
couples. 

A plan of the dam showing the ancillary works is 
given in Fig. 10. The structure has an overall height 
152-2 m. and creates a reservoir having a net storage 
capacity of 172 million cubic metres. This water passes 
into a pressure tunnel and is utilised in an under- 
ground power station under a head ranging between 
100 and 184-5 m., subsequently being discharged 
through a tailrace tunnel to a further reservoir on the 
Noce river situated some 4 km. downstream. Apart 
from the pressure tunnel, which is located at an 
elevation of 437 m., a spillway and two further out- 
lets are provided. 

The spillway is situated at the extremity of an 
embankment which extends upstream from the right- 
hand abutment of the dam, and is controlled by two 
sluice gates, each 9 m. wide and 4-5 m. high, which 
lead into an inclined passageway that ultimately con- 
nects with the original diversion tunnel. 

The lower outlet consists of a tunnel 5 m. in 
diameter and 145 m. long, the discharge being con- 
trolled by two Calzoni oil-pressure-operated gates, 
arranged in series, one measuring 2:3 m. wide by 3-7 
m. high and the other 2:3 m. wide by 3-6 m. high. 
These gates have to withstand a head of 97 m. of 
water. 

The second outlet is situated at a depth of 58 m. 
below maximum water level and is also controlled by 
two Calzoni sluice gates, in this case both measuring 
2-80 m. wide and respectively 4-30 m. and 4-20 m. 
high. The operating mechanism, shown in Fig. 7, is 
identical with that of the lower set of gates. 

The total discharge capacity of the spillway and of 
the two deep outlets is 1,000 cu. m. per sec., which 
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through the spillway 





Fig. 17. Drag screed for the invert lining 


is sufficient to ensure the evacuation of the maximum 
floods expected (1,500 cu. m. per sec.) taking into 
account the levelling out of the peak afforded by the 
spread of the reservoir. 

Control gear for the pressure tunnel consists of a 
2:70 m. wide by 4:00 m. high Calzoni gate similar 
to those provided for the lower discharge outlets. 
Normally, of course, the gate is in the open position, 
and to enable the oil pressure to be cut off, a horizontal 
shutter is provided which can be closed when the gate 
is open. This shutter not only supports the weight of 
the raised gate, but also acts as a seal to the gate shaft, 
thus facilitating inspection and repairs. 

Access to the control valves of the outlets and of 
the pressure tunnel is afforded by a 5-50 m. diameter 
shaft provided with a ladderway and a spacious 
electrically operated lift which is capable of handling 
the heaviest components of the valve gear; a vertical 
cross section of the shaft is given in Fig. 6. 

(To be continued) 





Stationary Air Compressors. An excellently produced 
brochure from Consolidated Pneumatic Tool Co. Ltd. 
describes this firm’s range of stationary air com- 
pressors, including two-stage air-cooled, single-stage 
water-cooled, and single-stage double-acting water- 
cooled types. Aftercoolers and air receivers are also 
described, and brief reference is made to portable 
air compressors. 
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Line Diagrams 


for Problems of Storage 


W. E. Blackmore, A.M.I.C.E., A.M.I.W.E., pro- 

poses a graphical method to replace laborious 

step-by-step computations in problems in- 
volving storage and acceleration 


PART ONE 


ANY problems in hydraulics involve the effect 
Mer a reservoir absorbing the difference between 

inflow and outflow at every instant. The more 
general of these problems escape direct mathematical 
analysis and the solution is usually arrived at by a 
laborious step-by-step arithmetical computation, each 
step corresponding to a time interval. In these notes 
a method will be put forward for carrying out this 
step-by-step process by means of a simple line 
diagram. The diagram is plotted with level and rate 
of flow as co-ordinates; it is based on the simple 
relationship between variation in level and volume 


ISA 


increment (equal to the rate of flow multiplied by the 
constant value of the time intervals) represented by 
a straight line with a slope corresponding to the hori- 
zontal area of the reservoir and length of time interval. 
In fact the lines are drawn with half this slope and 
taken “ back and forth” at each step in order to relate 
automatically the level variation with the mean value 
of the flow during each time interval. The resulting 
diagram has the appearance of a zig-zag and it is 
proposed to refer to it as the “ Z” diagram. The use 
of the method in its various applications is shown in 
the following examples. 
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Fig. 2. Fluctuations in a tidal basin 


Reservoir Pondage 

The problem of finding the outflow from a reservoir 
knowing the inflow hydrograph is typical of those 
usually solved step by step. In the example treated 
in Fig. 1 the data are the inflow hydrograph plotted 
as a flow-against-time curve, the reservoir area A of 
10 million sq. ft. assumed constant within the range 
affected and the outlet discharge curve in the form 
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of a parabola appropriate to a weir 100 ft. long. A 
30 min. time interval T is used. The “ Z ” line is given 
a slope dh/dq=T/2A. 

From point 1, representing the initial reservoir level 
on the outlet discharge curve at instant 1, the “Z” line 
is drawn to a vertical line through inflow at instant 
14 and reflected to point 2 on the outlet discharge 
curve; from this point it is drawn again to inflow at 
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Fig. 3. Diagram for a simple surge chamber 


instant 24 and reflected back to outflow at instant 3, 
and so on. The reservoir levels 1, 2, 3, etc., can then 
be plotted as a level-against-time curve or the outflow 
as a flow-against-time curve if required. A simple 
verification will show that in each step the variation 
in level corresponds to the average difference between 
inflow and outflow during the interval. This illustrates 
the advantage of automatic “averaging” compared 
with the method of siep-by-step calculation where 
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it is usual to take the conditions at the beginning 
of an interval and apply them to the whole of 
the interval. 

In the graphical method, as in the arithmetical one, 
the accuracy can be increased as desired by reducing 
the length of the time interval, and this can be done 
in the middle of a construction when quickly changing 
conditions make it desirable, the slope of the “Z” 
lines being altered accordingly. Where the reservoir 
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Fig. 4. Diagram for a throttled surge chamber 


area within the affected range is not constant one 
could draw an auxiliary curve of volume against level 
at an appropriate scale and draw the “Z” lines 
parallel to a tangent to that curve at every level. A 
more convenient way is to use the diagram with 
volume of storage as ordinate instead of level, and 
redraw the outlet-discharge curve to correspond to 
the new scale; the “Z” lines will then have a slope 
proportional to the time interval only, and the con- 
struction proceeds as before. 
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Fluctuations in a Tidal Basin 

In the example dealt with in Fig. 2 the data are 
the tidal curve for the estuary to which the basin is 
connected, the area of the basin (150,000 sq. ft.) and 
the size of the connecting orifice (3-4 sq. ft.). The 
tidal curve is plotted as a level-against-time curve. 
The construction is explained by the small diagram 
at the bottom of Fig. 2. At instant n the basin level 
is B, assumed already determined. At instant n+ 4 
the basin level will be somewhere on the outward 
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“Z” line at B,+4 so that the difference with the tide 
level at the same instant is equal to the velocity head 
through the orifice corresponding to the flow. This 
velocity head is represented by a parabola which is 
plotted with the “Z” line as base; its intersection at 
T,+4 with the tide level at instant n+ 4 gives the 
inflow and therefore the basin level B,,+ 4. From this 
point the return “Z” line gives B,+1 and so on. It 
is clear that point B,+ 1 could also be obtained from 
point 7,+4 by drawing the velocity head parabola 
plotted with the return “Z” line as base (shown 
dotted). In this way the straight “Z” lines can be 
omitted altogether and replaced by the outward and 
return segments of parabolae. Two cardboard tem- 
plates can be cut for the outward and return curves 
and the construction quickly carried out on the draw- 
ing board. Care must be taken to mark the origins 
of the curves on the templates and these must always 
coincide with the vertical axis of the diagram. 
From the completed construction curves of level- 
against-time or flow-against-time can be drawn 
if required. 


Problems Involving Acceleration 

The basic equation involved in these problems is 
Force = Mass x Acceleration. Ignoring coefficients for 
the moment, force is represented by pressure or level, 
mass by the length of the conduit conveying the water, 
and acceleration by the change of velocity within the 
time interval. The mass being constant the relation- 
ship between level and change of velocity is a straight 
line. This is the principle used by Bergeron' and 
others to construct “W” diagrams (occasionally re- 
ferred to as “V-H-T” diagrams) for the solution of 
water-hammer problems in which the time interval is 
fixed and equal to 2L/a, the time taken by the pres- 
sure wave travelling at the speed a to travel the length 
of the conduit L and back. The wave speed a is given 
by a well-known formula taking into account the 
elasticity of the water and conduit walls. The same 
principle was used by Schoklitsch* to produce what 
may be called “N” diagrams for the solution of surge- 
chamber problems, the time interval, in this case, 
being arbitrarily chosen and usually considerably 
longer than 2L/a. It is contended here that Schok- 
litsch’s diagram would be more accurate and logical 
if drawn with the double slope as a “W” diagram 
instead of the single slope. More accurate as it would 
then relate the variation in velocity with the average 
head during the time interval; more logical because 
it would then merge together problems of surge and 
those of water hammer, thus removing any uncer- 
tainty as to which method should be applied to 
borderline cases. 

Only the choice of time interval need be made, 
which may be a long one ‘if, for instance, a large surge 
chamber is involved, a short one if no surge chamber 
or other form of pressure relief is provided. The time 
interval, of course, bears no relation to the period of 
oscillations of level in the chamber. If the time interval 
has to be made shorter than 2L/a, the “W” lines are 
drawn with a slope corresponding to an interval of 
2L/a, and several “W” diagrams, each starting at con- 
secutive instants, are plotted simultaneously. In the 
examples both the slow and rapid types of transient 
phenomena have been treated using the “W” diagram 
to deal with the acceleration or deceleration and the 
“Z” diagram to take care of the storage effect. For 
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convenience flows are again plotted as abcissae in the 
examples instead of the usual practice of plotting 
velocities for these problems. 


Simple Surge Chamber 

The problem has been treated for the conditions 
shown in the lower diagram in Fig. 3. It is assumed 
that the flow has been reduced to nil by gradual 
closure (i.e. linear reduction of the orifice area) over 
a period of five time intervals. The resulting diagram 
is shown in the main diagram in Fig. 3. The “W” 
lines are reflected between the friction curve repre- 
senting the steady-condition level and the “Z” lines 
representing the surge level. The “Z” lines are re- 
flected between the “W” lines representing inflow 
and lines giving the outflow at each instant (after 
completion of closure this is a vertical line through 
Q=0). The procedure is then as follows: The conduit 
friction curve is drawn first and also the discharge 
curves corresponding to the gate opening at each 
instant during closure. In a “W” diagram, the first 
interval being a half interval, the discharge curve at 
the first quarter interval is drawn to give the starting 
point of the “Z” lines. 

Point 0 corresponds to the normal running con- 
ditions and point } is at the same level on the first 
discharge curve. From that point the “Z” line is 
drawn towards the right; the “W” line is drawn to 
intersect it at point 4; from there the “Z” line is drawn 
to discharge curve at instant | and reflected back; 
also from point 4 the “W” line is drawn down to the 
friction curve and reflected up to intersect the “Z” 
line at point 14 and so on. If the area of the surge 
chamber varies at different levels, “Z” lines of 
appropriate slope must be used at each level. 


Throttled Surge Chamber 

This example (Fig. 4), as in the problem of the 
tidal basin, is given to show how the velocity/head 
curve can be superimposed on the “ Z” lines to allow 
simultaneously for the throttling and storage effects 
of this type of surge chamber. Again in this case two 
templates were used for the “Z” curves and the 
diagram constructed otherwise as in the previous 
example. Other types of surge chamber, multiple 
chambers or multiple conduits can be treated by com- 
binations of the foregoing examples. 
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(To be continued) 





Twin-Arc Welding Process—A new 16-page brochure 
describing the Twin-Arc process has been produced 
by The Quasi-Arc Co. Ltd., Bilston, Staffs. The 
brochure contains a full technical description of the 
Twin-Arc plant and Twin-Arc.R electrodes, together 
with deposition data and instructions how to weld 
various types of joint. The special advantages claimed 
for Twin-Arc—increased speed and ease of welding 
together with a balanced three-phase load at a high 
power factor—are illustrated, and a comparison is 
made between Twin-Arc and single-arc methods of 
welding. A list of typical Twin-Arc applications indi- 
cates the wide use of the process in many different 
branches of engineering. 
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The International High-Tension 


Conference, 192 (C.1I.G.R.E.)—I 


The 1952 meeting of the C.I.G.R.E. Conference was held in 
Paris from May 28 to June 7 and was attended by over 1,000 
engineers from all parts of the world. In this, the second of three 
articles, J. H. M. Sykes reviews those parts of the proceedings of 


O complete the survey of the papers on trans- 

formers presented in the previous article in this 

series, it should be added that the discussions at 
the Conference made it evident that no definite agree- 
ment has yet been reached on the subject of chopped- 
wave testing for transformers. The real question at 
issue was the certainty of the detection of faults found 
during such tests, and it was here that the divergence 
of views was found. 

Mr. Rippon, of C. A. Parsons and Co. Ltd., Great 
Britain, and his colleague, Mr. Hickling, together with 
M. H. Chevalier, of A.C.E.C., Belgium, felt that the 
present methods of fault detection with chopped-wave 
tests were adequate, but Mr. Stenkvist, of A.S.E.A., 
Sweden, and Mr. Husbands, of Great Britain, felt 
that fault detection with chopped waves still involved 
a very considerable degree of uncertainty. The use 
of an acoustic probe was advocated by Swedish and 
Swiss engineers. 

On the subject of the thermal questions associated 
with transformers, Mr. F. J. Lane, of the British 
Electricity Authority, felt that the thermal image 
should be used as a warning device only to assist in 
obtaining the maximum continuity of service. A 
number of trial installations in which thermal images 
were incorporated were mentioned. 


Circuit Breakers 

The next section of the Conference was that con- 
cerned with circuit breakers. The papers here could 
be divided into five groups. First came those con- 
cerned with the determination of the natural frequency 
and the amplitude factor of the recovery voltage in 
networks and testing stations. Next, there were four 
papers which dealt with overvoltages which occur 
when circuit breakers operate. The third group of 
papers dealt with the post-arc currents which flow 
in the switching chambers of circuit breakers after 
the extinction of the arc. Then came a discussion on 
testing methods for proving guaranteed rupturing 
capacity, and finally, a most interesting paper set out 
entirely new phases in the art of circuit-breaker design. 

Dealing with the question of rate of rise of re- 
striking voltage and amplitude factor, it has now 
become apparent that those responsible for the opera- 
tion of almost every large power network are devoting 
much attention to evaluating the rate-of-rise figures 
applicable to the key positions in their networks, 
under various circuit conditions. The papers contained 
a wealth of data collected from various countries, and, 
in particular, from Belgium and Great Britain. There 
were also comparable data concerning the short- 
circuit testing stations existing in Great Britain and 
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elsewhere, and the papers and the discussions taken 
together showed that a determined effort is now being 
made to endeavour to draw up specifications incor- 
porating clauses relating to specified rates of rise and 
amplitude, as well as the rupturing-capacity duties 
which are already closely set out in the various 
countries’ standard specifications. 

It was obvious that not all speakers felt that the 
time was yet ripe for such standardisation of circuit- 
breaker duty. As an example, Mr. W. A. McNeill, 
of Cooke and Ferguson Limited, Great Britain, said 
that in his view only certain types of breakers were 
sufficiently affected by variations in rates of rise to 
warrant an endeavour to specify switchgear perform- 
ance too closely in regard to this factor. 

Mr. C. H. Lackey, of A. Reyrolle and Co. Ltd., 
Great Britain, mentioned the fact that it was now 
possible to calculate rates of rise with reasonable 
exactitude, thus obviating the very considerable ex- 
pense and dislocation consequent on actual system 
tests. 

In the discussion on the second group of papers, 
concerning self-generated overvoltages, many speakers 
felt that circuit breakers could be designed so as not 
to produce overvoltages liable to damage insulators. 
The principal paper in this section was that by Messrs. 
J. R. Mortlock and K. M. Jones, of the British 
Thomson-Houston Co. Ltd., Great Britain. In it they 
advocated the use of linear resistors to prevent switch- 
gear overvoltages from becoming dangerous, and 
showed how these resistors were calculated for parti- 
cular cases. 

Another paper by MM. J. Saint Germain and M. 
Perolini, of Alsthom, France, suggested that the in- 
sulation levels adopted in order to take into account 
surges due to lightning should be considered equally 
valid for switchgear surges. They said that it was 
possible to produce apparatus which would limit the 
amplitude of switching surges, but that it was also 
necessary to lay down the manner in which the charac- 
teristics of such apparatus, such as lightning arresters, 
should be specified and checked in regard to switching 
surges. 

Post-arc conductivity in circuit breakers was re- 
garded as an increasingly important factor, and the 
results of research by the Electrical Research Associa- 
tion in Great Britain, were shown to be of importance 
in the studies of this phenomenon. They showed that 
there was considerable difficulty in devising equip- 
ment to measure post-arc conductivity, and much of 
the discussion hinged on the type of shunt to be used 
for this purpose. 

The group concerned with switchgear testing com- 
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Fig. 1. The Jurmont design of 220 kV circuit breaker seen at the Fontenay testing station of 
Electricité de France, and mentioned in the text relating to M. Alran’s paper 


prised papers detailing tests made in the United States 
on Brown Boveri circuit breakers, at Grand Coulee. 
These 220 kV airblast circuit breakers have already 
been described in our columns (see page 169 July/ 
August 1950), and the fully developed form now in 
service on a number of supply networks, in various 
parts of the world, has been shown to be entirely 
satisfactory in operation. 

In the discussion, Mr. Schultz, Chief Engineer of 
the Bonneville Power Administration, said that the 
provision of a breaker of this type, which would admit 
of rapid reclosure, and would clear a circuit in three 
cycles on a 60 cycle system, had enabled his engineers 
to remove the ground wire on overhead lines, thus 
cheapening the first cost without endangering the 
security of the supply. 

Perhaps the most interesting group in the switch- 
gear section was the last one, in which a paper by 
M. L. Alran, of Electricité de France, revealed an 
entirely novel approach to the problems associated 
with the design of high-voltage heavy-power switch- 
gear. 

It was shown in the paper that both minimum-oil 
1952 
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and airblast circuit breakers, of conventional design, 
comprised a circuit-breaking element supported from 
the ground on an insulated structure which had of 
necessity to be so designed as to provide great 
mechanical strength. There was also much cost and 
complication involved in the provision of insulated 
connecting mechanisms, whereby the motor spring or 
solenoid used for operating minimum-oil designs, 
could be coupled to all three phases. In the case of 
the airblast breaker, the provision of a large insulated 
tube to carry the blast air was another problem in- 
volving cost, bulk and complexity. 

With the collaboration of three French firms, 
Ateliers de Constructions Electriques de Delle, Etab- 
lissements Merlin and Gerin, and Forges et Ateliers 
de Constructions Electriques de Jeumont, designs had 
been evolved in which an entirely new approach to 
this question of the support of the circuit-breaking 
element was seen. 

The first aspect to which attention was paid was 
that of suspending the breaker from the substation 
steelwork by means of strings of ordinary line in- 
sulators. In the case of the Jeumont breaker, suspen- 
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sion of the low-oil-volume breaking unit in this way 
meant that the operation had to be carried out by 
means of an oil-pnematic control arrangement, with 
a compressed-air reservoir attached to the circuit- 
breaking element itself. Air compressed to 200 kg. 
per sq. cm. in this reservoir would permit of up to 
500 tripping operations before recharging became 
necessary. 

In one of the three variations suggested for this 
design, a light insulated pipe, having no mechanical 
strength, was the only connection to the control 
mechanism, although in each case a single string of 
line insulators connected the bottom of the breaker 
to the ground to prevent its swinging in the wind. In 
another proposed variation, no electrical connection 
of any kind existed between the circuit breaker and 
the control network, except an ultra-short-wave highly 
beamed link covering the few metres necessary for 
physical clearance, the operation of the breaker being 
carried out by means of an auxiliary source of energy 
such as a battery mounted on the breaker itself. 

The A.C.E.D. scheme provided, again, for the sus- 
pension of the breaking element from the substation 
steelwork, and for the operation of the tripping and 
closing mechanism by means of a light insulated 
linkage from a ground-level control box, operated by 
electro-pneumatic valves on the circuit breaker, fed 
by a local compressed-air reservoir. In this scheme, 
the second interesting feature of the new approach 
to high-voltage switchgear design was made evident. 
The majority of conventional designs of low-oil- 
content or airblast switchgear need the services of an 
auxiliary isolator which serves to give physical clear- 
ance after the contacts have opened, and which is also 
used as the make switch. In addition to this isolator 
conventionally incorporated in the switch itself, there 
must be two manually operated isolators, one on each 
side of the breaker, for maintenance purposes. 

The Delle design utilised one of these isolators in 
place of the series isolator on the circuit breaker, and 
the compressed-air actuating mechanism of this iso- 
lator was fed by a connection in the form of a hollow 
conducting tube which served the dual purpose of 
carrying the current and of supplying compressed air 
to the isolator. 

Both of the above new designs were planned on the 
basis of a 220 kV breaker, while the third new design, 
by Merlin and Gerin, was for 150 kV. Here the circuit 
breaker could either be suspended from the steelwork 
or mounted on a light base of post insulators. It was 
of the airblast type, but the compressed-air reservoir 
was provided in the immediate vicinity of the actual 
rupturing gaps. The supply of compressed air was 
fed in via a light tube of insulating material, and a 
second similar tube was used for the hydraulic 
impulses from the control mechanism. A single iso- 
lating switch, synchronised in operation with the 
circuit breaker itself, was also provided. In this design 
the main feature was lightness, achieved to a consider- 
able extent by the provision of the compressed-air 
reservoir on each phase, in close conjunction to the 
operating contacts. 

During an interesting visit to the Fontenay testing 
station of Electricité de France, these designs of circuit 
breaker were inspected in a prototype form. 

The courage and initiative shown by Electricité de 
France and the three manufacturers concerned were 
praised by many speakers in the discussion on this 
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section of the switchgear papers. Mr. F. J. Lane, of 
the British Electricity Authority, said that while these 
actual designs might perhaps not be the final schemes 
adopted for cheapening and lightening high-voltage 
circuit breakers, the lines of thought which had led 
to their inception might well result in great advances 
in respect of the conventional methods of circuit- 
breaker planning. He asked what the costs of these 
breakers would be, but he said the paper was 
especially valuable for the opportunity it provided 
for a re-examination of circuit-breaker designs which 
had, perhaps, been taken for granted for too long. 


Insulating Materials 

In the section on insulating materials, much atten- 
tion was devoted to the definition of the lifetime of 
transformer oil in service. The methods shown in the 
papers for extending the life of transformer oils were, 
first, by excluding the oxygen of the air from contact 
with the oil by using an inert gas, generally nitrogen, 
above the oil; and secondly, by adding to the oil 
quantities of anti-oxygen products for reducing or 
barring oxidation, these generally being known as 
inhibitors. 

The results of a number of tests in various countries 
were discussed, but it was agreed that sufficient ex- 
perience had not yet been gained to lead to definite 
conclusions, and further tests on a still larger scale 
are called for. Although the renewal of the oil in a 
transformer might be thought to hinge largely on the 
oxidation factor, it was shown, in the discussions, that 
there was a general tendency to renew the oil more 
frequently than would be indicated by oxidation tests, 
since the accumulation of solid deposits was fre- 
quently found during routine examination. 


Cables 

The cable section contained a large number of 
papers, and of these it is perhaps likely that the hydro 
power engineer, under modern conditions of con- 
tinually expanding networks, may well be interested, 
especially in those relating to submarine cable pro- 
jects. In this section there were three papers, one by 
Mr. L. J. W. Bartholomew, of the British Electricity 
Authority, in which he discussed the laying of three 
cables, operating at 33 kV, across the two-mile Solent, 
between the Isle of Wight and the mainland of Great 
Britain. The first of these cables was laid during war- 
time conditions, and very considerable difficulties were 
encountered. The second and third, laid after the war, 
benefited from the experience gained in the first cable. 

The principal problem in lengthy submarine cable 
is that of jointing. In general, cable manufacturers 
are not able to make three-core 33 kV cables in very 
great lengths, and even if this were possible the trans- 
portation from the works to a cable ship is not always 
practicable. Thus jointing must either be carried out 
at sea, or flexible joints must be made available. 

For the three cables to the Isle of Wight, the first, 
in 1942, had rigid joints which had to be made on 
the ship, between each of the 580 yard lengths of 
cable. For the second and third cables, flexible joints 
made in the factory during the laying-up process were 
used, and this greatly facilitated the laying operation. 

A motor coaster of 350 tons was used for the second 
and third cables, with an apron fitted over the stern 
for paying out the cable, which was supported on 
oil-drum floats until the whole of the 5,500 yard 
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length had been laid, when it was gently eased to the 
seabed. 

The principal hazards encountered in this busy ship- 
ping channel were those due to damage caused by 
ships’ anchors, and it had been necessary to lay a steel 
guard wire near the first cable, so that the anchor 
would first foul this wire, and the cable would then 
go unharmed. This had been successful to a consider- 
able degree. The availability of the second and third 
cables was 984 and 96 per cent. respectively, although 
it had to be admitted that when a fault occurred the 
duration of outage, including maritime operation of 
the actual jointing, extended over an average period 
of twenty-three days. 

The second submarine cable described was the 5:5 
km 132 kV link between Denmark and Sweden, in 
which the new type of flat cable is used. This com- 
prises three paper-insulated single cores laid up in a 
flat lead sheath, on either side of which is provided 
a springy bronze membrane which provides automatic 
compensation for the expansion and contraction of 
the oil with which the cable is filled. Thus there is no 
need for external oil-compensating equipment, and 
the profile of the ocean bed does not offer any diffi- 
culties from the oil-filling point of view. 

It is claimed also that this type of cable is more 
flexible than the circular cable, for a given capacity, 
while jointing is easier and was carried out for the 
Denmark-Sweden link by means of a special jointing 
house on the stern of the cable ship, with a crane-like 
structure enabling the joint to be lowered directly 
from the jointing house into the sea. Flexible joints 
are also available. 

In the final paper in this submarine-cable section, 
experience was set out in connection with 50 kV 
cables laid across a 5-7 km wide estuary in the Nether- 
lands. Four single-ccre cables were used in this case, 
thus providing a spare cable in case of damage. It 
meant also that longer lengths of the single-core cable 
could be made, and jointing was further simplified. 
Flat-bottomed vessels were used, whereas for the 
Danish cable the floating-drum scheme was employed, 
similar to that used on the Pluto pipelines between 
Great Britain and the Continent, laid during the war 
years to supply petrol to the Allied Armies in France. 

Discussion on the submarine cable papers showed 
that there was a division of opinion between the 
necessity to lay single-core cables or three-core cables, 
but it was generally thought that a flexible type of 
joint was necessary in order to avoid long and dan- 
gerous delays at sea, either during the laying of the 
cable or for the repairing of faults. 

Floating drums for laying submarine cables were 
advocated by many speakers, but others felt that the 
sailors responsible for the laying operations might 
well object that they would be very difficult to handle 
if high winds or rough seas suddenly occurred. More- 
over, the very rapid accretion of marine growths on 
the lower part of the drum might lead to difficulty 
during laying. 

An interesting point emerged from a reply by Mr. 
Bartholomew to a question in which the speaker asked 
if, on the occurrence of a fault, the water travelled 
rapidly, for considerable distances, inside the cable, 
thus rendering it necessary to replace long lengths on 
each occasion. Mr. Bartholomew said that contrary 
to what had at first been thought, this was not the 
case and only a few yards were found to be affected, 
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even after the most severe mechanicai damage. 

Other aspects of the cable papers dealt with the 
use of either of the two rival types of cable for the 
very highest voltages. The Swedish 380 kV cables 
recently commissioned, were, of course, hailed as 
pioneer designs in this field. These are of the oil-filled 
pattern, and extend vertically for 65 metres from the 
underground transformer hall at Harspranget to the 
substation on the surface. 

Other speakers, however, including Mr. C. T. W. 
Sutton, of Enfield Cables Limited, put forward the 
merits of the gas-pressure cable in either of its two 
forms, the internal and the external gas-pressure pipes, 
but he agreed that the oil-filled or the gas-filled cables 
might well have limits which would necessitate a new 
approach to very-high-voltage designs, with a realistic 
view being taken of the inherent limits of one or other 
of the present schemes. 

The American contribution to the cable discussion 
centred on the use, in the United States, of a low gas 
pressure in cables for medium voltages. One of the 
reasons for the adoption of this scheme was the need 
for economical supervision of the lead sheath. It was 
thought, however, that this type of cable had rather 
limited application, and was particularly suitable for 
use in ducts. 

(To be continued) 
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and half under Canadian jurisdiction, each half con- 
sisting of first an ice sluice and then an auxiliary 
generating unit followed by 18 main turbo-generators. 
Each section will be completed by two further ice 
sluices. 

The water flow will vary between 180,000 and 
310,000 cusecs, these being respectively the minimum 
and maximum mean monthly flows. The operating 
head will vary between 75-5 ft. and 87-8 ft. and on 
a mean figure of 81 ft. each of the 36 Francis-type 
turbines will develop 61,100 h.p. 

The cost of the whole of the Seaway project works 
in the International Rapids section is estimated at 
$421,047,000 (1949 figures), this being divided up 
into $67,115,000 in respect of works purely for navi- 
gational purposes, $166,433,000 for the power station 
and its associated civil engineering structures, and the 
remaining $187,499,000 for works common to navi- 
gation and power, this latter total including over 
$64,000,000 for channel excavation, $28,000,000 for 
the Long Sault dam and $30,000,000 for the acquisi- 
tion of land which would be flooded. An alteration to 
the inlet works at the point where the Massena canal 
leaves the St. Lawrence to carry water to the Ameri- 
can power plant would be necessary, to ensure un- 
interrupted operation of this station during the con- 
structional period. 

It is expected that work will be commenced on the 
Seaway scheme in the International Rapids section 
in 1952. The possibility of American co-operation is 
not yet entirely ruled out. Changes consequent on the 
Presidential election may result in a re-examination 
of the difficulties which have so far prevented the 
American Government from ratifying the various 
agreements. It is understood, in any case, that non- 
participation in the major Seaway project will not 
prevent American collaboration in the Barnhart dam 
power plant scheme. 
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Origins of Water Power 


In this article the author traces the de- 


velopment of water power from _ its 
earliest origins and follows its application 
in Great Britain to A.D. i750 


By PAUL N. WILSON, s.a., A.M.L.C.E., 





NTIL the last decade or so little thought has 
been given to the water-power resources of this 
country. While millions of pounds have been 
spent on diverting water from streams and rivers to 
satisfy the domestic needs of our people and the in- 
dustries in our cities, towns and villages, old weirs 
crumble and decay, mill ponds fill with weeds, and 
head and tail races disappear below the new buildings 
of the factories to which they once brought prosperity. 
There were, however, times when water power was 
invaluable, and whole industries were compelled to 
move to areas where it was available. The factors 
which contributed to the start of the Industrial Revo- 
lution are varied, but water power was as essential 
as coal, iron ore, wool, cotton or silk. Without it 
many of the industries which grew to considerable 
proportions in the seventeenth and eighteenth cen- 
turies could never have been developed, and it is 
doubtful if an Industrial Revolution could have started 
in England. Again, it was the lack of sufficient water 
power to compete with the greatly increased require- 
ments of the new factories at the end of the eighteenth 
century which forced inventors to seek desperately 
for some alternative source of power, and so provided 
the incentive for Boulton and Watt to develop the 
steam engine. 


First Use of Water Power 

The first known machine for converting the kinetic 
energy of flowing water into useful work is the ‘Nora,’ 
‘Noira’ or ‘Naura’ wheel which was built for irriga- 
tion purposes in China, Arabia and North Africa 
many centuries before the Christian era and is still 
in use, probably in its original form. It consists of a 
bamboo wheel with paddles which dip into the stream 
where the current is relatively swift, thereby causing 
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Fig. 1. Typical Serbian mill, from a sketch madé by 
Dr. Gilbert Wilson in 1928 
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it to revolve. A small bamboo ‘bucket’ is attached 
to the rim. This fills with water as the paddle dips 
into the river and empties into an irrigation trough 
as it is lifted to the top'. 

The Naura wheel was a self-contained unit which 
was not used to drive any other form of machine. It 
can have had no influence upon the invention of the 
Greek mill, which was the first waterwheel used for 
grinding corn, but may have inspired the design of 
the horizontal-shaft Roman mill. 

The Greek mill was probably invented in the third 
or second century B.C. According to Beckmann’* one 
of the earliest references appears in a Greek epigram 
quoted by Antipater which has been transiated as 
follows:— 

““Cease your work, ye maids, ye who laboured at the 
mill; sleep now, and let the birds sing to the ruddy 
morning; for Ceres has commanded the water-nymphs 
to perform your task; these, obedient to her call, throw 
themselves on the wheel, force round the axle-tree, and 
by these means the heavy mill.” 

It was a vertical-shaft paddle wheel, with four or 
more blades on to which a stream of water was 
directed through a steeply sloping wooden trough. 
The shaft was keyed to the upper millstone and the 
drive was direct. Fig. 1 is a sketch of a mill of this 
type in Serbia made in 1928. The wheel is probably 
similar to that of the original Greek mill, though the 
shaping of the blades to give better efficiency may 
have been a later development. 

The earliest record of the horizontal-shaft Roman 
waterwheel is found in the writings of Marcus 
Vitruvius*, dated probably about A.D. 27. Following 
upon his description of ‘Engines for raising Water’ 
and ‘The First of the Tympanum’ (which was, in fact, 
a Naura wheel) he states that:— 

“ Water-mills are turned on the same principle, and 
are in all respects similar, except that at one end of the 
axis they are provided with a drum-wheel toothed and 
framed fast to the said axis; this being placed vertically 
on the edge turns round with the wheel. 

“Corresponding with the drum-wheel a larger heri- 
zonta! toothed wheel is placed, working on an axis whose 
upper head is in the form of a dovetail, and is inserted 
into the mill-stone. Thus the teeth of the drum-wheel 
which is made fast to the axis acting on the teeth of the 
horizontal wheel, produce the revolution of the mill- 
stones, and in the engine a suspended hopper supplying 
them with grain, in the same revolution flour is 
produced.” 

This description could almost certainly have been 
applied equally well to any of the medieval flour mills 
in England, and the illustration in Fig. 2 shows a mill 
which follows closely Vitruvius’ description. 





*Managing Director, Gilbert Gilkes & Gordon Ltd. 
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Fig. 2. Medieval Roman mill (Reproduced from 
“History of Corn Milling,” by Bennett and Eldon) 


The watermills of Rome appear to have remained 
a rather expensive novelty until the fourth or fifth 
century. So long as slave or animal labour was avail- 
able to grind corn there was little incentive to lay out 
capital in building watermills. By the sixth century, 
however, they were evidently of considerable econo- 
mic importance. When Vitiges, king of the Goths, 
besieged Belarius in Rome in the year 536 A.D., he 
cut off the aqueducts which supplied the mills. The 
stopping of the mills caused great distress in the city, 
but Belarius overcame the trouble by building floating 
mills which were moored in the Tiber, the wheels 
being driven round by the velocity of the current. The 
besiegers tried to stop the mills by floating logs of 
wood and dead bodies down the river, but Belarius 
laid booms upstream, and succeeded in raking the 
obstructions clear before they reached the wheels‘. 


The Introduction of Water Power to England 

The first watermills to be used in England were 
introduced by the Romans during the second or third 
century A.D. In 1907, Mr. F. Gerald Simpson, C.B.E.., 
M.A., Hon. F.S.A. Scot., excavated a building be- 
tween the Great Wall and the Vallum of the Roman 
Wall at Haltwhistle Burn Head, Co. Durham, which 
he identified as a watermill dating (according to dis- 
coveries of pottery) from the second century. He was 
able to trace the head and tailrace, and a few pieces 
of timber which appeared to have formed a part of 
the structure which contained the wheel were found. 
There were also fragments of millstones which were 
too large to have been turned by hand. A later ex- 


WATER POWER August 1952 


cavation at Chesters showed that an existing building 
which formed a pari of the Great Wall adjacent to the 
bridge abutment on the east side of the North Tyne 
river had been converted for use as a mill. The head 
and tailraces can be clearly seen, the tailrace being 
covered with massive slabs which carried the military 
way to the bridge. At Willowford near Gilsland there 
are traces of a similar watermill site where the Wall 
crossed the river Irthing. Mr. Simpson is of the 
opinion that there may have been more watermills 
in the vicinity of the Wall and he hopes that further 
excavations will prove this’. 

It is interesting to speculate why the Roman 
garrison at the Wall should be installing watermilils 
as early as the second century A.D. when apparently 
they were scarcely used at all in Rome at this time. 
A possible answer is that the Wall supported a very 
large garrison in an area which was probably sparsely 
populated. If there was a serious shortage of labour 
there would be a strong incentive to try out the latest 
labour-saving device from Rome. 

Apart from the findings at the Wall there have been 
no other authentic traces of Roman watermills in 
England. Sir William Fairburn, quoting from Whit- 
takers “History of Manchester” (1771), refers to traces 
of a Roman mill found in Manchester. There is little 
evidence to prove that this was, in fact, a Roman 
mill®. 

Much patient and accurate research work was 
carried out at the end of the nineteenth century by 
Bennett and Eldon on the history of corn milling. 
They infer from the evidence then available that the 
Romans did not use watermills in this country, but 
had the excavations at Haltwhistle Burn Head and 
Chesters been carried out before their work was pub- 
lished, they would undoubtedly have altered their 
opinion’. 

They expressed the opinion that the medieval water- 
mill was introduced to England during early Saxon 
times and it seems probable that from the end of the 
Roman occupation until the arrival of the Saxons, 
watermills became extinct in this country. 

It is not known whether the early Saxon watermills 
were of the Greek or Roman type. Traces of vertical- 
shaft (Greek) mills have been found in Ireland and 
they were used in the Shetland Isles as late as the 
nineteenth century. All early illustrations indicate that 
the Saxon mill was a horizontal-shaft undershot wheel 
of the Roman type, but this cannot be taken as proof 
that the vertical-shaft or overshot mill was never used*. 

Where there was a suitable fall and volume of 
water either type may have been installed, but the 
Roman mill would be more suitable for the low 
heads available in those parts of the English country- 
side which were most thickly populated before the 
Norman Conquest. The possible site of a vertical- 
shaft “Norse” (Greek) mill has been investigated at 
Buttermere in Cumberland. This area was largely 
populated by the Norsemen during the period before 
the Norman Conquest and the fact that there may 
have been an isolated mill of this type in Buttermere 
is no guide as to the general practice throughout the 
greater part of the country’. 

The earliest authentic reference to a watermill 
appears in a Saxon document of 762 A.D. and it may 
be assumed that corn mills were coming into general 
use in Saxon Britain from about the seventh or eighth 
century onwards’’. 
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Corn Mills 

More than 5,000 corn mills are mentioned in 
Domesday Book"’ and the following extract from “A 
History of Bedford” may be taken as typical of the 
extent to which water power was being used through- 
out England at the end of the eleventh century. 


“Abundant use was made of water power, almost 
every considerable manor having its mill; and it may 
here be remarked that the much larger number of mills 
—all of which would presumably be watermills— 
immediately after the conquest, can be accounted for 
on several grounds. In the feudal times the manorial 
mill was a source of income to the lord of the manor, 
as all peasants were under obligation to take their corn 
thither to be ground, and transport was also a serious 
question. Hence there was a mill wherever there was 
water enough to work one; and mills existed in localities 
in which at present there is never, or very rarely, water 
enough for such purpose. The diminution of the wood- 
land and the modern system of drainage have both 
contributed to effect this change.” '* 

The obligation to grind his corn at the manorial 
mill appears to have been a severe burden on the 
peasant, but heavy penalties were extracted from 
those who went elsewhere'*. The miller, who normally 
rented his mill, and made as much as he could out 
of his customers, became an unpopular figure. (Vide 
Chaucer, ‘The Reeve’s Tale’). He enjoyed a mono- 
poly, and made the most of it. There was a common 
joke at his expense:-— 

“What is the boldest thing in the world? — A miller’s 
shirt, for it clasps a thief by the throat daily.” 

In 1397 the citizens of Chester objected strongly 
to the fact that the lessee of the Dee Mill was charging 
considerably more than the normal one-sixteenth of 
the corn ground for the use of the mill. They ad- 
dressed the following humble petition to King Richard 
II:— 

“To th excellent and or most redouwbted sovereyne 
the Kyng. 

“Yours pore leges and supplycants the meyre and 
comltie of yor citie of Chester showe that the mylners 
of yor milnes of dee do take from day to day divers 
owtragiouse partes over the right toll used throghe all 
yor realme of ther corne and malt over xvj greyne after 
that it is grounde to the great ympoverishment and 
damage of yor said pore supplicants. 

“That it mey please yor most highest maiestie and 
of yor especiall grace to graunt unto them to have ther 
corne and malt grounde at yor milnes for the xvj greyne 
without any other tole parte or any thyng over. For 
God sake and in love of the citie.” '* 

The rival interests of the millers and river navi- 
gators were often causes of argument and litigation. 

An enquiry was held during the reign of Queen 
Elizabeth I into the danger to navigation of the many 
“Wears, locks and mills” on the river Thames be- 
tween Maidenhead and Oxford. There were sixteen 
mills on this stretch of the river, and boatmen were 
frequently drowned in the locks. The following 
defence was put forward by the mill-owners:— 

“ First, touching and in behalf of these Mills and 
locks upon the Thamuse; That they were of as great 
antiquity as the towns and villages whereunto they 
adjoyn; and as ancient evidence to be shewed for them 
as any man hath for any land he held within the realm 
of England. That they were of such necessity, as that 
without them the great multitude and number of the 
Queen's people, inhabitants between Maidenhead Bridge 
and the City of Oxford, should not well know where 
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to have their corn ground; beside mealing to the city 
of London and other places.” '° 

As might be expected, trouble with the fishermen 
broke out on the northern borders of the country. 
At Berwick-on-Tweed a weir was thrown across the 
river and the “New Milne” was built in 1683 
Apparently “Lord Hume and other Scotch (sic) 
gentlemen ” organised a raiding party to break down 
the weir, but the townspeople turned out in such force 
that the raid was called off'*. The narrator of the 
story adds the following note:— 

“The reason why the Scotch doe soe mollest the 
towne’s milne is because they imagine it stops the 
salmon fish to come to them, butt one of the Scotch 
lairds, that was more moderate, said he could not say 
that it did hinder him of one fish, and that he did not 
take still as many as before the milne was sett up.” 

From early Saxon times until the coming of the 
steam age it is clear that the watermill was an im- 
portant feature of the English countryside, but it can 
hardly be said to have had any decisive effect upon 
the shifting of industry or population. Where water 
power was available it was used; otherwise corn was 
ground by wind power or horsemills. The adaptation 
of water power to other uses is probably of more 
interest to the engineer and student of economic 
history. 


Fulling Mills 

The earliest record of a fulling mill in England is 
in a survey of the Templar’s lands in 1185. This 
mentions a “molendium fulerez” at Newsham in 
Yorkshire, and another built by the Templars them- 
selves, at Barton, in the Cotswolds’’. 

Fulling is a process used in the woollen trade 
whereby the woven cloth is beaten in water to shrink 
it, increase the density of the material, and ‘felt’ the 
cloth to such an extent that the fibres become bound 
together and the pattern of the weaving is lost. During 
the process the cloth is scoured and cleaned by deter- 
gents such as fuller’s earth which remove the oil with 
which the wool was impregnated before spinning. 

Until the end of the twelfth century the centres of 
the woollen industry of England had been in the 
towns where the guilds were strong. ‘ Fulling’ was 
done by hand, by beating the cloth with clubs, or by 
tramping it underfoot. At some time—probably during 
the latter portion of the twelfth century—the water- 
wheel-driven fulling mill was invented. It consisted 
of one or more hammers, actuated by water power 
which automatically beat the cloth in wooden troughs 
and required a minimum of supervision and little 
physical effort on the part of the workmen. 

Fulling by water power had a profound effect upon 
the woollen industry of England. Spinning, carding 
and weaving were carried on as cottage industries 
until the late eighteenth century, but in spite of the 
efforts of the City Guilds to prevent it, the water- 
driven fulling mill had come to stay, and it carried 
the woollen trade to those parts of the country where 
water power was available. To quote Miss Carus- 
Wilson:— 

“The decay of the once famous cloth-making cities 
of the eastern plain and the rise of the country fulling 
mills shows not only that the rural industry was gaining 
over the urban, but also, when we consider the pre- 
ponderance of fulling mills in the. north and west of 
England, that the broadcloth industry as a whole was 
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tending to shift from east to west, to new centres in the 
West Riding, the Lake District and the West of England. 
For here were to be found ample supplies not only of 
fine wool but also of water power. In the twelfth and 
early thirteenth centuries the fine quality English cloths 
specially in demand abroad were cloths “ of Stamford,” 
“of Lincoln,” “ of Louth,” “ of Beverley,” “ of York,” 
but in the fourteenth and fifteenth centuries there was 
no demand at all for these cloths, but much for 
“ Kendals,” ‘ Ludlows,’ “Cotswolds,” “* Mendips,” 
“ Castlecombes,” “ Stroudwaters,” or “ Westerns,” and 
the primary, though not the only, factor in this change 
was the invention of the fulling mill.” '* 

By the fourteenth century there were eleven fulling 
mills in the West Riding, twenty-five in the West of 
England, nine in the Cotswolds and nineteen in the 
Lake District'’. 

At the beginning of the sixteenth century there 
were no less than eighteen fulling mills in the parish 
of Grasmere, Westmorland, which at that time in- 
cluded Langdale’. This is an astonishing figure, but 
is substantiated by documentary evidence. Almost 
more remarkable is the fact that by the seventeenth 
century this prosperous trade was abandoned in the 
Grasmere District. Miss Amitt is of the opinion that 
this may have been due to the devastating effect of 
the plague in the years 1577, 1597 and 1598. 

The water-driven fulling mill was responsible for 
the movement of the woollen industry from the south 
and east of England to the north and west. In the 
nineteenth century the steam engine largely replaced 
the waterwheel, but at first steam only augmented 
water power, and the centres of the woollen trade, 
followed by the cotton trade, remained in those areas 
where water power was available. 


The Iron Industry 

The iron industry grew up in the southern counties. 
In the primitive bloomeries the lumps of crude iron 
were hammered with sledge hammers to force out 
the slag, but as the value of the industry increased 
and it became necessary to work on a larger scale, 
some more powerful method 
of beating the iron had to be 
found. The water-driven tilt 
hammer was probably adapted 
from the fulling mill*’. The 
description: “molendina ferrea” 
or “molendina fabrile” occurs 
in charters quoted by Du 
Cange and Carpentier as early 
as 1311. There is a French 
record of a “ moulin a fer” as 
early as 1249. 

The counties of Kent, Sussex 
and Surrey have no _ great 
water power potential, and the 
ironmasters soon ran into diffi- 
culties. In order to conserve 
water they had to go to con- 
siderable expense to build and 
maintain “hammerponds,” 
most of which appear to have 
been fed by very small streams. 
As the size of the furnaces 
increased, cast iron replaced 
wrought iron, and it became 
essential to maintain a constant 
and powerful blast of air as 
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long as the furnace was alight. Some furnaces only 
worked during the winter months when a reasonable 
water supply could be expected, and when the streams 
failed completely they had to recourse to the very 
costly expedient of * treading the wheel,’ i.e. using the 
waterwheel as a treadmill. Presumably only a few 
men could ‘tread the wheel’ at one time and if this 
was sufficient to maintain the blast the power de- 
veloped by these wheels must have been relatively 
small. Straker suggests that the very dry years of 
1737 to 1750 contributed to the final eclipse of the 
Wealden iron industry*’. 

In the northern counties the situation was much 
more satisfactory. Once the problems of smelting and 
processing iron using coal as the basic fuel had been 
solved, the ironmasters were mainly concerned with 
improving their water power, and were prepared to 
spend great sums in doing so. At Kirkstall Forge, near 
Leeds, great attention was paid to increasing pondage, 
but even so lack of water was often a limiting factor 
in production’’. 


Mining and Water Supply 

In 1550 Georgius Agricola completed his famous 
book on mining, “ De re Metallica,” although it was 
not published until 1556, after his death**. Agricola 
lived in Saxony and spent much of his time amongst 
the mining camps of south-western Germany. Books 
VI and VIII contain 19 illustrations of waterwheels 
used for ore crushing, pumping, ventilation, winding 
and blowing. Nearly all these illustrations show over- 
shot wheels supplied by wooden troughs which must 
have been much more efficient than the medieval 
design of undershot wheels with flat paddles. 

In 1565, ten years after Agricola’s book was pub- 
lished, Daniel Hechstetter, a mining engineer from 
Augsburg in southern Germany, came over to Kes- 
wick, Cumberland, to investigate the possibility of 
mining precious metals in the district. Within a year 
a community of German (often referred to as ‘Dutch’) 
miners had settled in the Lake District, and were soon 


Fig. 3. A tilt hammer, operated by a waterwheel, and used by Kirkstall 
Forge, Leeds, from 1600 to 1921 (Reproduced by permission of the company) 
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busily at work exploiting the 
gold, silver, lead and copper 
deposits”’. 

There can be little doubt 
that Hechstetter and his men 
were familiar with all the ap- 
pliances described by Agricola. 
Collingwood’s book** deals 
largely with the financial ac- 
counts of theGermancompany, 
and waterwheels are often 
mentioned. In 1568 and 1569 
there are frequent references to 
the building of stamping mills 
at Newlands and Caldbeck, in- 
cluding an item of Is. 6d. for 
“Drinks to Newlands farmers 
who helped to carry the wheel- 
axe.” ™ 

Fig. 4 is taken from Agri- 
cola, but probably could 
equally well represent the New- 
lands or Caldbeck stamping 
mill. If the axle had to be 
carried for any distance the 
farmers earned their drinks ! 





















their experience to Cornwall. = 
Richard Carew, in his “Survey 
of Cornwall” (London, 1602), 
discussing methods of ore 
dressing, states that:— 

“.. . Sir Francis Godolphin .. . 
entertained a Dutch Mynerall ; 
man, and taking light from his Fig. 4. 
experience, but building thereon 

farre more profitable conclusions, of his owne invention, 
hath practised a more saving way in these matters, and 
besides, made Tynne with good profit of that refuse 
which Tynners rejected as nothing worth.” 


This ‘Dutch Mynerall Man’ was Ulrich Frass*’ who, 
according to Collingwood, was sent (from Keswick?) 
as manager to Trewarth near Perrin Sands. Carew 
does not state definitely that Frass introduced the 
water-driven stamp mill, but it is reasonable to infer 
that machinery of this sort was used to crush the old 
spoil heaps to such an extent that tin could be re- 
claimed in paying quantities*’. 

The most famous of the early water-power projects 
in England was the Thames pumping plant. This was 
built in 1582 by one Peter Morris, variously described 
as a Dutchman and a German. This, and the later 
waterwheel driven pumps which supplied domestic 
water to the City of London, has been so ably de- 
scribed in a recent series of articles by the late Dr. 
H. W. Dickinson** in The Engineer that it is unneces- 
sary to repeat the information there given. 

It is, however, interesting to speculate upon whether 
Peter Morris was a friend or associate of Hechstetter 
and his companions. Morris’ invention depended upon 
the use of a force pump. In 1568 Hechstetter invented 
a new ‘engine for draining mines,’ and he applied 
for ‘the privilege of waterworks,’ offering to * form 
a company and allot shares’ *’. 

Dr. Dickinson states that bridge waterworks origin- 
ated in Germany, and one was installed at Augsburg. 
Hechstetter frequently visited London and Augsburg, 
and it appears possible that Morris may have been 
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an engineer from southern Germany who, hearing ot 
the shortage of water in London, and the rapid tidal 
flow at London Bridge, decided to follow his country- 
men to the land they had adopted. 

The London Bridge waterworks became of great 
importance, but as London grew they failed to cope 
with the needs of the people, and the gravity supply 
of the New River Company coupled with the necessity 
for rebuilding London Bridge ultimately brought 
about their removal*’. The last units were designed 
by Smeaton, and they were dismantled by Act of 
Parliament in 1822. 


The Approach of the Industrial Revolution 

In his schooldays the author was led to believe 
that the Industrial Revolution started during the latter 
half of the eighteenth century and was brought about 
by the invention of the spinning frame, power loom 
and steam engine. Work was normally carried out by 
hand in cottages and the factory system only began 
to develop after the invention of these power driven 
machines. 

Modern economic historians have examined the 
evidence with much greater care, and now agree that 
large scale capitalist industry was developing steadily 
during the reign of Elizabeth and the Stuarts*', and 
that the “revolution” which took place between 1750 
and 1800 was essentially a very rapid development 
of established business. 

Long before Savery, Newcomen, Arkwright or Watt 
were born the waterwheels of England were driving 
fulling mills, carding engines, tilt hammers, rolling, 
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slitting and wire-drawing mills, grindstones, furnace 
blowers, mine stamps, pumps and cornmills. The 
inventors struggled to produce power-driven machines 
which would increase output with reduced labour 
costs, and except for a restricted field of mine pump- 
ing and some textile processes where horse mills were 
sometimes used, they looked to waterwheels for their 
source of power. The industrial production of England 
may have been small compared with the agricultural 
production, but had it not been for our water-power 
resources it would have been infinitesimal. The author 
is forced to the conclusion that but for the relatively 
high rainfall of Lancashire, Yorkshire, Derbyshire, 
Cumberland and Westmorland, and the high land of 
the Pennine Chain running down the centre of 
England, there is no reason to believe that an 
Industrial Revolution would have started in this 
country. 
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Handling Equipment. Ransomes & Rapier Limited, 

Ipswich, have published a series of leaflets describing 

their standard and heavy-duty mobile cranes, fork- 

lift trucks, and fork-lift trucks with cantilever jibs. 
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The Life of Variably Loaded Apparatus 


C. Bodmer, Chief Engineer of the Oerlikon Engineering 





Company, Ziirich, presents a method of estimating the 
life of mechanical and electrical equipment under con- 


IKE all commodities, machines and equipment 
lose their value in course of time, deteriorate more 
or less rapidly according to the intensity of their 

use, and finally become unfit for service. The time 

from the state of newness to that of unserviceability 
is called the “life.” One can also call it the time of 
usefulness, for many things are removed from service 
before they are unusable, such, for instance, as an 
incandescent lamp because its light becomes reddish, 
an article of clothing because it is out of fashion, or 

a machine because a new one functions more 

efficiently. Thus the life depends on many compli- 

cated influences, and when in addition variable and 
unforeseen demands occur it becomes a quantity 
which is unpredictable with any certainty. 

In order to investigate the consequences of periodic 
overloads more accurately an attempt was first made to 
determine the life of important parts of machines with 
the load constant. Thus the life of organic insulating 
materials, such as are used for machines and trans- 
formers, have been determined in relation to the tem- 
perature. From the work of Montsinger it has become 
known that the life of certain insulating materials is 
about halved when the temperature is raised by 8°C. 
Another example is the roller bearing, the life of 
which in relation to the load and the speed was 
measured in extensive tests by the makers. 

In such measurements the load is held constant 
throughout the test. As, however, the machines and 
equipment are in reality subject to loads which vary 
widely from time to time one is also concerned, based 
on the simple case of constant load, to predict by 
calculation the life for more complicated load con- 
ditions. In this article a simple method of calculation 
will be explained, and applied to various practical 
examples from which it will be seen that such a cal- 
culation, although it cannot be exact, yields results 
of practical importance. 


Life with the Load Variable 
In order to calculate the life 


ditions of variable loading. 








can in part be considered separately. 

The life may be regarded as the possession by the 
new state of a definite ageing or deteriorative capacity 
which may be compared to the consumption of a 
provision. This provision becomes consumed, whether 
by friction (soles of shoes, brake blocks, carbon 
brushes), by burning (wax candles, switch contacts), 
by material changes (fatigue of a steel spring), or by 
chemical, thermal, electrolytic action or solution 
(galvanic battery, insulation). 

This process of consumption will be explained by 
means of a simple example. A vessel filled with water 
and provided with a variable outlet corresponds on 
its discharge to the transition from the new to the 
aged state. The total fluid content is the provision Z, 
which can be consumed; let Z=1. The quantity of 
water flowing through per second corresponds to the 
rate of deterioration or ageing V=dZ/dt; it depends 
both on the magnitude of the exit and the water level. 
The total time of the discharge is the life T. 

In order to obtain a simple derivation of the method 
used here the assumption is made that the deteriora- 
tion occurs in a linear relationship with time. The rate 
of ageing V is then constant and equal to 1/T. We 
shall now consider the effect of a load of duration 
T, made up of individual intervals ¢,, t,, t,, etc. During 
the interval r, the load is supposed to be such that, 
provided it remains constant, it would correspond to 
a life 7,. Thus a partial deterioration z,=V, t,=1,/T, 
sets in. The total deterioration Z, during the play of 
a load is thus 

Zo=Zt+2Z.+... = 4/7, +t,/T,+1,/T,+ ... 

This deterioration corresponds to an average rate 
of deterioration V,,, so that Z,—V,,T,. Moreover, to 
the average rate of deterioration V,, there corresponds 
a resulting life T,, whereby V,,=1/T,. Therefore 
T, has the inverse value of V,, : 


T, = 1/V, and V,, = — (t,/T7,+t./T.+t,/T,+ .. .) 
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From these formulae it can be seen that for the 
individual time interval the unit within the application 
of the load must not be the same as for 7,, T,, etc. 
T, and t,, for example, can be measured in seconds, 
but the life periods in years, because owing to the 
quotients ¢,/T,, etc., the unit of time of the application 
of the load drops out again. 
An example will make this clear. 


Example of a Transformer 

The law which has become known through the 
work of Montsinger that the life of certain insulating 
materials is halved by a rise in temperature of 8°C. 
can be variously used for investigating the effect of 
overloads. The example under consideration is only 
for the purpose of explaining the method and leaving 
the question open as to whether in practice the amount 
of 8°C. proves correct and what other factors, e.g., 
vibrations, possibly contribute to the ageing. 

We assume that a transformer at a copper tempera- 
ture of 105°C. has a life of 40 years. At the following 
copper temperatures the life with the temperature 
constant would then be: 


at 145°C. 1:25 years at 105°C. ... 40 years 
iar. zm > « 
ie. 5:00 ot a. 
Bre. 10-00 S1°C. 320 
113°C. 20:00 te ee 640 


The loading of the transformer is assumed to be 
such that each day its temperature amounts to 89°C. 
for 10 hours, 113°C. for 2 hours, 121°C. for 1 hour 
and 145°C. for 20 minutes (0-33 hours). The highest 
temperature then corresponds to an overload of about 
30 per cent. During the remaining 10-67 hours of the 
day the temperature is assumed to be 73°C., corres- 
ponding to about 75 per cent. of the rated load. During 
the 24 hours the individual portions of the ageing z 
are now: 

10 2 l 


“1 


160 20 
I 
V », ——(0-063 + 0-100 + 0-100 + 0-264 + 0:017)=0-0227 

24 
Thus the life is T= 1 : 0:0227=44 years. 

As will be seen on a closer examination of the 
figures, the overload lasting for 20 minutes makes 
quite an appreciable difference; without the overload 
one would obtain T=86 years. On the other hand, 
the ageing at the reduced load has little effect, and by 
neglecting this portion one would obtain T=45-5 
years. Were, however, the period of rest to disappear, 
i.e. the duration of the load periods to drop to 13-33 
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Fig. 2. Graphical determination of the life of a roller 
bearing 

n =Speed of the motor in r.p.m. 

P =Load on the roller bearing in kg 

T,= Life with the load constant 

vy =Rate of deterioration 
hours, the life would become correspondingly shorter, 
only 25 years. 

In this example we have abstained from converting 
to years the duration of the individual load conditions; 
it suffices if a uniform unit of time, here the hour, is 
retained for the load periods and the individual time 
intervals. It is, moreover, possible to improve such 
calculations by bringing in the time constants of the 


copper. 


Range of Availability of the Method Employed 

The assumption made in the derivation of the 
method, that the provision available for the deteriora- 
tion is expended in a linear relation with time, will as 
a rule not be true. This, in fact, is not the case in the 
example of the vessel with the discharge outlet. It is 
found, however, to be satisfactory when the curves 
of ageing are similar. This similarity of the curves of 
ageing implies that the curves are mutually con- 
vertible by changing the time scale. 
We then have (Fig. 1): 

dZ 


V=— = tan a= p/T 
dt 
in which p=f (Z), a function of the ageing Z. During 
the time 7, of the play of a load we assume that p 
remains practically constant. 
Then for the deterioration Z, we have: 
Z.= Jf Vadt=V,t,+V.tot+Vsts+ .. 
= pt,/T,+ pt.T.+pt,/T; ... 

The average rate of deterioration V,, is defined by 
Z,=V.»T, and to it corresponds the resulting life T,. 
Thus 
V,,=pT./T, and Z,= 

Vin o=p (t,/T,+to/T.+ts/T3+ . . -) 
pT. rs 
Vin (t,/T,+t,/T.+t,/T,;+ ...) 
Because p is assumed constant for the duration of the 
appreciation of the load it again drops out of the 
calculation, and one obtains the same relation as for 
a linear curve of ageing. This proves that the method 
given holds also for the case that the curves of ageing 
are curved if only they are similar to one another, pro- 
vided that the duration of the application of the load 
remains small in comparison with the life. In practice 
this condition is always fulfilled, for a week or even 
a month as the duration of the application of the load 
is still always sufficiently small in comparison with 
a life of some years. The assumption that the curves 





315 


















of ageing are similar should hold for most phenomena 
of ageing, particularly wherever within that range of 
conditions in which the causes of the ageing remain 
the same no new cause gains the upper hand. 


Graphical Determination of the Life 

By means of a further example a graphical method 
of determination will now be explained. For this 
purpose a roller bearing will be considered on the 
assumption that a change in the load conditions 
creates no new factors which could shorten the life. 
The actual value of the life can be taken from the 
catalogues for roller bearings. 

The roller bearing to be considered is intended for 
the motor of a tramcar operating for 16 hours daily 
with running times of 47 sec. and stopping times of 
10 sec. In Fig. 2 the line nm gives the graph of the 
speed and the line P that of the load on the roller 
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Fig. 3. Excess temperature of a transformer winding 
during a day 


bearing, representing a heavy service. From n and P 
the life T in hours is found from the maker’s catalogue 
for each service condition. From this the graph of the 
rate of ageing V is obtained as the reciprocal value 
V=1/T. The area beneath the line V represents the 
integral Z, J vdt and consequently the total ageing 
per run, and its value amounts to 13°6x10~* sec. 
per hour. In order to obtain the average speed of 
ageing V,,, the ageing Z, must first be based on the 
time of running inclusive of the time of stopping; this 
l 


would give V’,, = — 13:6 x 10-* = 0:24 x 10~*. 
57 
Owing, however, to the rest at night, 
16 
Vn = — x0:24x10-* = 0°16 10-* 1/hour 
24 


From this we obtain the resulting life 7, as: 


T,=— 10* : 0-16 = 62,500 hours 
Vin 

As the assumed load P is not so great during the 

whole day the life should in reality be longer. This 

circumstance one could cover by considering several 

such load diagrams in place of a single one. 


7:1 years 


Life of a Machine Winding 

As a further example the life of the windings of 
the tram motor already considered will be determined 
from the temperature diagram. The heating of the 
winding during a day depends on the traffic density 
and is shown in Fig. 3. In order to obtain the absolute 
temperatures we have to add the ambient temperature, 
which changes in the course of the day and the year. 

The windings are supposed to be insulated with 
materials of Class B insulation, for which in Fig. 4 
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the life (curve A) and the rate of ageing (curve B) arc 
plotted in dependence on the temperature. These 
curves have been derived from the curve of the life 
for Class A insulation by Vidmar (curve C). 

We will now first consider a summer’s day with an 
air temperature rising from 15°C. in the early morning 
to 31°C. in the afternoon; the average temperature is 
taken as 23°C. 

On carrying out the graphical determination, as we 
have already done for the roller bearing, we obtain 
32 years as the life for these conditions. Making the 
same graphical investigation for a winter’s day with 
temperature limits of —-4°C. and + 4°C., the expected 
life rises to 94 years. For still lower temperatures the 
life would increase still more, but the effect on the 
final result is imperceptible. Now in the course of a 
year the temperature varies approximately sinusoid- 
ally, and if the calculation is extended in a similar 
manner over the whole year, the result is an average 
value corresponding to a life of about 51 years. For 
a day’s run of 200 km. (124-3 miles) the motor will 
therefore give promise of a life’s run of 3-7 million 
km. (2:3 million miles). From this example it will be 
seen that the calculation of the life gives a basis on 
which to judge how a machine will behave under 
changed climatic conditions. For instance, if the same 
calculation is made for the changed climatic con- 
ditions of another country, the approximate effect on 
the life can be estimated, and a decision made as to 
whether load changes are necessary to maintain the 
same life, and if so, what should be their extent. 
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Fig. 4. Assumed life for materials of Class B insulation 
A=Life for Class B 

B= Rate of ageing or deterioration 

C =Life for Class A (for comparison) 
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Conclusions 

Such calculations are instructive for the absolute 
value of the life, but are much more important for 
recognising the loads which specially prejudice the 
life and the highest admissible temperatures which 
are still economical. Especially can it be seen in what 
degree heavy but rare and short-time overloads 
shorten the life in individual cases in comparison with 
moderate overloads of long duration. It also becomes 
evident that as regards ageing there are no definite 
highest admissible temperatures which can be used 
as a specification, but that it is the product of the 
temperature and the time which must be considered 
as long as limits of immediate destruction are not 
reached, such as the melting point of soldered joints. 
The determination of the probable life is valuable 











for the appropriate dimensioning of certain elements 
of machines. Although it is better for the life chosen 
to be too long than too short, much too long a life 
would entail useless extra expenditure. 

Experience as to life at constant temperature is still 
very incomplete. Especially is this the case with wind- 
ings insulated with modern materials. Only future 
investigations and experience will provide sufficient 
_— for ensuring more accurate results with variable 
oads. 

The present article should help to further the know- 
ledge of the relations between the course of the load 
diagram and the life, and so contribute to the correct 
choice of the working conditions; it should, moreover, 
act as an incentive for further investigations of the 
laws governing life. 





Improved Conway Loader 

Some important improvements have been incor- 
porated in the Conway loader, manufactured by 
British Conway Loaders Limited, 3 Castle Street, Car- 
diff. In the first place the design of the bucket has 
been altered to one standard type with the leading 
edges in a steady curve. The bucket is in cast steel, 
and a solid manganese-steel dipper lip is now fitted. 

The connection to the bucket has also been im- 
proved by the incorporation of a simple radial-link 
attachment to receive the hoisting chains. This enables 
the force available for the initial upward heave of the 
bucket through the muck pile to be considerably 
increased. 

A second important improvement is a _ self-con- 
tained oil-hydraulic operational control system. This 
embodies independently controlled ram-actuated 
clutches, eliminating clutch slip and consequent over- 
heating and so raising effective performance without 
fatigue to the operator. This control is arranged to 
permit operation of the loader from either side—an 
obvious convenience when working in a _ confined 
space such as a tunnel heading. Existing loaders 
having the old hand and foot-operated friction 
clutches can be fitted with the new hydraulic control. 
The modification is simple to effect, and can be car- 
ried out in the field in a matter of hours. 

The third improvement is the use of swivelling-type 
self-aligning bearings on the propeller, hoist and con- 
veyor-drive shafts. The use of these bearings enables 
the shafts to run freely in spite of any possible rack- 
ing of the frame when working in arduous conditions, 
thus raising transmission efficiency and reducing wear. 

The new bucket arrangements and the oil-hydraulic 
control system are covered by provisional patents. 


Vevey Accelero-Tachometric Conveyor 


The June issue of WATER PoweR included an 
advertisement by Vevey Engineering Works Ltd. con- 
cerning the Vevey accelero-tachometric governor. 
This advertisement, due to an error on the part of 
the printers, contained a text which incorrectly 
described the qualities of the Vevey governor. To 
rectify any false impression which may have been 
created we are publishing the following description 
of this interesting apparatus: 

The governing of a water turbine always presents 
a difficult technical problem, for it is profoundly in- 
fluenced by the characteristics of the penstock, the 
size of the electrical system, the type of load, and 
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the moment of inertia of the rotating mass. In the 
accelero-tachometric governor designed and built by 
Vevey Engineering Works Limited, Vevey, Switzer- 
land, the mechanism functions in the same manner 
as an intelligent turbine driver would do if the turbine 
were under hand control, but does so more speedily 
and accurately. A good operator would take into 
account not only the speed of the turbine but also its 
acceleration or deceleration, and would adjust his 
gate opening accordingly. 

To this end the Vevey governor incorporates two 
elements—a tachometer, which indicates whether the 
speed is too high or too low and measures the de- 
viation, and an accelerometer measures whether the 
speed is rising or falling and measures the rate of 
fluctuation. These two measurements are combined 
to give the correct compensating movement to the 
guide vanes or nozzle control, and the Vevey governor 
is claimed to be the only one in which the relative 
effect of these two factors can be exactly and imme- 
diately determined during operation of the machine. 


Gilbert Gilkes & Gordon Contracts 

Orders recently placed with this company include 
a 940 h.p. Turgo impulse wheel for the Yukon Hydro 
Company of Canada and two 750 h.p. Pelton wheels 
for the constructional plant of the Kilembe hydro- 
electric scheme, Uganda. The Zomba power scheme, 
Nyasaland, is to be extended and a second 440 h.p. 
Pelton wheel operating on a head of 1,350 ft. has now 
been ordered. 

The company is continuing to sell its range of 
instructional water turbines to universities and tech- 
nical colleges throughout the world. Orders have been 
received during the past few months for equipment 
of this type for Australia, India and South Africa as 
well as for several institutions in Great Britain. 

A new range of small standard hydro-electric units 
of up to 20 kW capacity has now been put on the 
market, suitable for operating on heads between 30 
and 300 ft. These units are designed for lighting and 
small-scale power supply purposes in isolated areas, 
and special attention has been given to simplicity of 
maintenance. They have already aroused interest in 
overseas areas and orders have been received from 
Turkey, Peru and Kenya. 

Gilbert Gilkes & Gordon Ltd. were main con- 
tractors for the turbines and alternators in the North 
of Scotland Hydro-Electric Board’s new power 
stations at Gairloch, Ross-shire, and Storr Lochs, 
Isle of Skye. 
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Simplon Development (First Stage) 


This article deals with the work in progress since 
October 1949 in connection with the development of 
the Doveria—called Simplerwasser in its upper 
stretches—and its tributaries; this river originates at 
Gabi, at the confluence of the Krummbach, flowing 
from the Simplon pass, and Lagginbach. The catch- 
ment area (170 sq. km.) is entirely in Swiss territory 
on the south slopes of the Simplon, and spreads out 
from the Lagginhorn (4,010 m.) and Weissmies (4,023 
m.) down to the Italian border near Gondo, where 
the Doveria leaves Switzerland at an altitude of 800 m. 

The works in course of execution constitute the 
lower stage of this scheme, and their water supply is 
ensured by a catchment area of 130-5 sq. km., includ- 
ing 11 sq. km. covered by glaciers with a coefficient 
of glaciation of 8-5 per cent.; they comprise:— 

(1) An intake in the Krummbach gorges, about 
1,300 m. downstream from Simplon-Dorf, consisting 
of an 8 m. high dam with a 16 m. wide spillway, a 
wash-out gate, a gravel settling tank, and an auto- 
matic valve at the upstream end of the tunnel. The 
purpose of this valve is to prevent the unlined free- 
flow tunnel from being subjected to pressure. 

(2) A sand-trap which, owing to the narrowness 
of the Krummbach gorge, is fitted in the first straight 
section of the intake tunnel, about 250 m. from the 
intake; the site selected enables solid matter to be 
returned to the river by a short adit. 
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Fig. 1. Map of the Simplon project 
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(3) A free-flow tunnel 1,650 m. in length, with a 
1 in 3-5 gradient, connecting the Krummbach with 
the Lagginbach intake; this tunnel is now used as an 
access adit to the Krummbach dam. 

(4) The Lagginbach intake, with a dam 5-75 m. 
high provided with a spillway 20 m. wide, wash-out 
valve, a small gravel settling tank, and an inlet valve 
in the supply tunnel; this inlet valve and the automatic 
valve of the Krummbach intake permit, at high water 
periods, to determine the amount of water collected 
from each siream according to purity. This arrange- 
ment, and the frequent limpidity of the Lagginbach 
water, does away with the installation of a sand trap 
in this intake. 

(5) The main free-flow supply tunnel, 3,850 m. long 
with a | in 3-2 gradient, which collects the waters from 
both Lagginbach and Krummbach. 

(6) The Serra balancing reservoir and Grosswasser 
intake, comprising a reservoir of 165,000 cu. m. useful 
capacity, to enable the power plant to work as far as 
possible at constant load, and to restrict off-peak dis- 
charges to day hours; an arched dam 17 m. high, with 
a flood-control weir 40 m. wide; the Grosswasser 
intake. The inlet to the balancing reservoir is pro- 
tected by a sill 2-5 m. high, 19-30 m. wide against 
too rapid sand silting. Solid matter accumulating in 
front of the sill is evacuated through a diversion tunnel 
404-85 m. in length. 

(7) Water supply works of the Gondo powerhouse, 
which comprise:— 

(a) A concrete-lined pressure-tunnel leading from 
the Serra balancing reservoir to the surge a this 
tunnel has a length of 3,031 m. with a | in 3 gradient; 
extensive grouting is being carried out throughout the 
whole length of this tunnel. 

(b) A surge tank sited in the prolongation of the 
inclined shaft; this surge tank has two 560 cu. m. 
chambers excavated in the rock and concrete lined, 
with a connecting gallery 24-6 m. long and 1-8 m. 
diameter. A winding gear installed in the upper 
chamber above the highest water level operates an 
inspection trolley in the inclined shaft; an adit gives 
access to each chamber. 
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(c) The laying of a penstock being precluded by the 
configuration of the hill above the power house, water 
is conveyed to the turbines by an inclined shaft. A 
remarkable feature of this shaft is that its steel lining 
does not extend beyond the two lower thirds of its 
length, the top third being only cement coated and 
grouted, without any watertight lining; this uncommon 
solution was dictated by the fact that thin steel linings 
are subject to burst under the strain of external pres- 
sure when the conduit is being emptied. At Gondo, 
the thickness of the lining has been determined so as to 
cope with the static pressure originating at the top end 
of the lined section of the shaft when the level of the 
water sinks beyond that point; in addition, to prevent 
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Fig. 3. Cross section and plan of Gondo station 


external pressure from exceeding this. static pressure, 
infiltrations are drained through an access adit driven 
slightly below the top end of the lining. 

(8) Gondo power house. Owing to the very narrow 
space available between the right bank of the Doveria 
and the hill-the final layout adopted comprises: (a) 
a chamber, excavated from the outer face of the rock, 
to shelter the two main and two emergency generating 
sets; (b) two niches in the foot of the hill upstream 
from the power house, each to contain a transformer; 
(c) an outer building leaning against the hill so as to 
close the chamber, and extending on either side of it, 
to enclose the control room, office, workshop and all 
other service rooms. 

The main generating sets consist each of a hori- 
zontal-shaft straight-jet Pelton turbine, 375 r.p.m., 
22,000 h.p., working under a net head of 476 m. and 
a discharge of 4 cu. m. per sec., coupled to a 20,000 
kVA, 10-5 kV alternator. 

The 270 kVA emergency sets, one in reserve, are 
provided in consideration of the fact that the plant 
is not connected to any other system. 

The characteristics of the water-cooled transformers 
are 20,000 kVA 10-5 kV/140—162—170—178 kV; 
they are connected by overhead cables with the out- 
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door switchgear erected on a platform between the 
left bank of the Doveria and the Simplon road. From 
this station a 150 kV three-conductor line transmits 
the Gondo energy in the Zwischbergen valley up to 
the point where it meets the double 225 kV line con- 
necting the Mérel power plant through the Simplon 
pass with the Italian plants of the Domodossola region. 
(“Ofinco,” Geneva, Wasser- und Energiewirtschaft, 
Vol. 44, No. 3, March 1952, p. 35, 7 pp., 9 ff., and 
Bulletin Technique de la Suisse Romande, Vol. 78, 
No. 6, 22.3.52, p. 81, 6 pp., 7 ff.) 


Water Resources Conference 


The Institution of Engineers, Australia, held a con- 
ference at Science House, Sydney, in August 1951, to 
discuss the collection and publication of hydrological 
data in relation to water resources. In an opening 
address, the Hon. J. J. Cahill, Deputy Premier of 
New South Wales and Minister for Public Works and 
Local Government, acting on behalf of the Premier, 
emphasised the scarcity of water resources on the 
mainland for the development of hydro-electric power, 
and the importance of using the water for irrigation 
after it has done its work in producing electricity. 

After considering the present arrangements for the 
collection and publication of hydrological data by the 
various authorities throughout Australia, the Con- 
ference agreed that it is necessary to obtain complete 
data on water resources to determine what population 
Australia can ultimately carry, discussed the best 
means of achieving this objective, and adopted the 
following resolutions:— 

1. That this Conference considers the complete 
investigation, recording and publication of hydro- 
logical data is not practicable, and the extent of 
investigation and method employed must be decided 
by each authority. It is desirable that some central 
organisation act as a clearing house for the general 
indexing and dissemination of available data on either 
a Commonwealth or State basis, using some existing 
authority, and that the principal authorities concerned 
with the investigation of water resources publish 
periodically the data obtained. 

That in order to achieve the maximum practicable 
degree of uniformity there should be periodical con- 
ferences of hydrological engineers of the principal 
authorities concerned with the investigation of water 
resources. 

2. The Conference considers that the collection 
and publication of precipitation, evaporation and 
other climatic element records should continue to be 
the function of the Meteorological Bureau but con- 
siders available information on evaporation records 
should be considerably expanded. . 

3. The Conference, while stressing the importance 
of comprehensive stream gaugings, and without limit- 
ing the rights of any instrumentality to carry out its 
own investigations, recommends to the Governments 
concerned that some one authority in each State and 
the Commonwealth territories be authorised to formu- 
late and execute a programme of gaugings, surface, 
subsurface and underground, to determine the water 
resources of the States and the Federal Territories, 
as Conference is of opinion that the present scope 
of gaugings is inadequate. (The Journal of the 
Institution of Engineers, Australia, Vol. 23, No. 9, 
September 1951, pp. 196/197.) 


319 









CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month’s issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 





Appointments Vacant 
The engagement of persons answering Situations Vacant 
advertisements must be made through a Local Office of the 
Ministry of Labour or a Scheduled Employment Agency if the 
applicant is a man aged 18—64 inclusive or a woman aged 18—59 
inclusive unless he or she, or the employment, is excepted from 
the provisions of the Notification of Vacancies Order, 1952. 


AUSTRALIA: THE SNOWY MOUNTAINS 
HYDRO-ELECTRIC AUTHORITY 
Invites applications for appointment to the following 
positions. In all cases the commencing salary in any parti- 
cular grade will be determined after interview, in accordance 
with qualifications and experience. The salaries quoted are 
in Australian currency and the particular qualifications 
required are shown hereunder: 
CIVIL ENGINEERS 

1. Executive Engineers Grade III — £2,006/£2,316 p.a. 

(a) Dam Design. A comprehensive knowledge of modern 
engineering techniques and criteria pertaining to the 
design of high dams and ability to plan integrated 
engineering programmes and field investigations, carry 
out comparative analyses of alternative types and direct 
preparation of designs, estimates and specifications. 

(b) Contracts. Extensive experience in the driving and opera- 
tion of large underground tunnels and in the supervision 
of large contracts for the construction of hydro-electric 
works or similar projects. A sound knowledge of contract 
procedures and administration. 

(c) Road Development. Extensive experience in the planning, 
including selection of routes, survey, design and con- 
struction of road works preferably in mountainous 
country. 


2. Executive Engineer Grade II — £1,696/£1,944 p.a. 
Tunnel Design. Extensive experience in the design of 
tunnels, pressure shafts and surge tanks for hydro-electric 
projects and ability to direct the preparation of detai‘ed 
designs, estimates and specifications for such works and 
plan field investigations. 


3. Executive Engineers Grade I — £1,388/£1,696 p.a. 

(a) Design. Extensive experience in the design of large 
underground and surface hydro-electric power stations 
and ability to direct the preparation of detailed designs, 
estimates and specifications for each works. 

(b) Construction. Extensive experience in the construction of 
hydro-electric works, including planning, the preparation 
of estimates and works programmes and the forecasting 
of resources required to carry out programmes. 


4. Engineers Grades I to IV — £764/£1,388. 
Experience in investigating, designing and construction, 
including supervision of construction by contract of 
hydro-electric works or similar civil engineering projects. 


5. Engineer Grade Il — £1,052/£1,100. 
Experience in soil conservation practice over a_ period 
of not less than eight years. 

Engineering Geologists, Grades I to III — £800/£1,208. 
Experience in general engineering geology and/or 
petrography with special reference to concretes. 

MECHANICAL ENGINEERS 
1. Executive Engineer Grade III — £2,006/£2,316 p.a. 


or 
Executive Engineer Grade II — £1,696/£1,944 p.a. 

Area Power Plant Engineer. 
Extensive experience in inspection, installation, commis- 
sioning and maintenance of water power p/‘ant (turbines, 
valves, gates, etc.), stationary diesel engines, hydrau'ic 
and mechanical plant associated with power proiccts, 
design and selection of power plant. 
Experience also in the mechanical aspect of the above 
in relation to major electrical generating plant and ability 
to supervise and direct staff. 


Executive Engineers Grade II — £1,696/£1,944 p.a. 


or 

Executive Engineers Grade I — £1,388/£1,696 p.a. 

for each of the following:— 

(a) Power Plant Engineer. Extensive experience in the investi- 
gation, design, specification, selection, procurement and 
testing of water turbines, stationary diesel engines and 
associated mechanical equipment and the inspection, 
installation, operation and maintenance of same. 
Hydraulic Plant Design Engineer. Extensive experience in 
the investigation, design, specification, selection, procure- 
ment and testing of hydraulic gates (spillway, intake, 
diversion, draft tube, etc.), supporting frames, lifting and 
control gears, screens, valves and pumps. 

Area Mechanical Engineer. Extensive general mechanical 

experience, including direction of major workshops for 

repairs and maintenance of heavy earthmoving equipment 
and transport vehicles and the installation and mainten- 
ance of mechanical building services, installation and 
maintenance of permanent power plant, etc. 
3. Engineers Grades I to IV — £764/£1,388 p.a. 

Mechanical engineering experience in the 

fields : 

(a) Design, specification of cranes, haulages, etc. 

(b) Design, specification of heating, ventilating equip- 
ment, etc. 

(c) Operation of base and field workshops for transport 
and earth-moving p!ant. 

(d) Co-ordination and contro! of field activities associated 
with the above. 

(e) Planning and progressing of 
estimates and administration. 

ELECTRICAL ENGINEERS 
1. Executive Engineer Grade I — £1,388/£1,696 p.a. 

Extensive experience in the organisation, control and 

construction of E.H.T. lines up to 330 kV. Field experi- 

ence and ability to organise and supervise construction 
groups essential. 
2. Engineers Grades I to IV — £764/£1,388 p.a. 

Electrical power engineering experience in the following 

fields : 

(a) Layout of primary and secondary installations for 
hydro-electric power stations and associated switching 
and terminal stations. 

(b) Protection of long HV _ transmission lines, 
station and switching station equipment. 

(c) Operation and maintenance of large power systems. 

switching stations 


following 


works programmes, 


power 


(d) Construction of power stations, 
and/or transmission systems. 
(e) Layout and installation of communication schemes 
for large power station operation. 
SUPERVISING ARCHITECT 
Architect (Grade IV) — £1,298/£1,388 p.a. 
Extensive practical experience in supervision of contract 
work and the administration of contracts. Knowledge 
of business methods. Experience as contractor on own 
account preferred. 

Except for the last mentioned position, applicants for 
which must be qualified architects, the academic qualifica- 
tions required are a degree from a recognised University, 
corporate membership of the _ Institutions of Civil, 
Mechanical or Electrical Engineers or equivalent profes- 
sional qualifications. 

Subject to certain conditions, including a bond of £100 
to remain with the Authority for at least two years, the 
fares of successful applicants and their dependents will be 
paid by the Authority. Salaries commence from date of 
entry on duty in Australia where temporary hotel or guest 
house accommodation will be arranged until a flat or cottage 
can be provided on a rental basis. 

Each applicant should state his age, nationality, marital 
status, present position and salary and give full and complete 
particulars of his qualifications and experience. Applications 
should be addressed to the Engineer-in-Charge, Snowy 
Mountains Hydro-Electric Authority, 18 St. George Street, 
Hanover Square, London, W.1. The Authority cannot under- 
take to acknowledge all applications. Communications will 
be sent only to those applicants required to attend for 
interview. 
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The 





speed governor 


is the only one 

allowing exact control of the effects 

of the accelerometer and tachometer 

during operation. This particular 

quality makes the VEVEY governor 

a modern apparatus insuring great 

sensitiveness in speed regulation 

‘ combined with improved running 
stability. 








Ateliers de Constructions Mécaniques de Vevey SA 
Vevey Engineering Works Ltd. 


Vevey /Switzerland 


Complete equipment for the utilisa- 
tion of water power 
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For high- 
and low-head 
power stations: 





Generators - Transformers - Arcsuppression coils 


Air-blast circuit-breakers - Complete switchgear 
and control rooms Quick-acting regulators 
Remote supervisory control by radio or carrier 


channels over power lines. 





BROWN, BOVERI & CO.. LTD.. BADEN (SWITZERLAND) 
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The Larner-Johnson valve possesses exceptional qualities for free 
discharge control. No other valve provides so complete an answer 
to the dual problems of high velocity flow and hydraulic unbalance 
associated with this duty. Being of true streamline form, it passes 
a smooth jet at all openings, giving freedom from vibration and 
erosion under the highest heads. Operation is by means of the pipe 
line pressure acting on the plunger, governed by an internal pilot 
valve control which holds the plunger in balance at all open positions 
(when stationary) and creates the appropriate unbalance for opening 
or closing. Ease of operation is thus ensured, irrespective of size or 


pressure. Simplicity of design, freedom from distortion troubles, 


absence of sliding surfaces under pressure, all contribute to the 
success of the valve over the full range of conditions. Some of the 
largest valves of their class are of Larner- Johnson type, amongst. 


them the three 13 ft. by 7 ft. 6 in. and four 9 ft. by 7 ft. 6 in. regu- 


lators at Hume Dam, on the Murray River, Australia, certain of which appear in the adjoining photographic view. 


Full particulars from: J. Blakeborough & Sons Ltd., Brighouse, England. 
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RIVER TAMERS 


The engineering design and construction of hydro- 
electric and irrigation projects have been the 
primary task of the Morrison-Knudsen oganization 
for more than 40 years. This long and specialized 
experience has successfully utilized the water 
resources of some of the world's mightiest rivers. 


Notable among the river taming projects designed and built 
by the MK family and their associates are the following: 
DESIGN PROJECTS: 


Bhakra Dam & Power Plants — India 
Seyhan River Dam & Power Plant — Turkey 
Hirakud Dam & Navigation Locks — India 


DESIGN AND CONSTRUCTION PROJECTS: 


Gal Oya Dam & Power Plant — Ceylon 
Kajakai Dam & Reservoir — Afghanistan 
Arghandab Dam — Afghanistan 


The MK organization has also participated in joint ventures 
for the construction of these major projects in the U.S. A.: 


HOOVER DAM ANDERSON RANCH DAM 
GRAND COULEE DAM GARRISON DAM 
HUNGRY HORSE DAM 


For further information, write to } 
ie 


INTERNATIONAL ENGINEERING COMPANY, INC. 


A SUBSIDIARY OF MORRISON-KNUDSEN COMPANY, INC. 
74 NEW MONTGOMERY ST.,SAN FRANCISCO 5, CALIF. 








te 
* meq C. J. Strike Dam, Idaho, U.S. A. 
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SOLVE your fixing problems before construction is finished. 

Choose the machines and when they arrive—fix them fast, permanently 

and ready for instant use with Rawlbolts —no grouting-in — no ee : muses 
cement to harden. Rawlplugs . . . speed the screw fixings with Sane F Ss 


pee tits. 6 ata lighting, pipes and all similar fixtures— FI XIN G gs DEVI CES 


Use Rawlplug Fixing Devices where “ speed is the essence of the contract” WRITE FOR TECHNICAL LITERATURE 
B398 


THE RAWLPLUG COMPANY LIMITED - CROMWELL ROAD + LONDON -; S.W./ 


—, 
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4 SOUTH DURHAM STEEL PIPE LINE FOR 


Wawnilo Mia Mee 


HYDRO-ELECTRIC SCHEME 


This important scheme to increase civil and 
industrial power resources in N.W. Portugal now 
approaches completion. The 300 ft. high Venda 
Nova dam across the River Rabagoa near its 
confluence with the Cavado, forms the reservoir 
from which water flows 1} miles through a tunnel 
through intervening mountain to a valve house at 
the tunnel outlet. From this point a South Durham 
Steel pipe line 
carriesthe flow 
some 2,950 ft. 
down to the 
turbine house. 


The South 
Durham steel 
pipe is in dia- 
meters 93, 
87”, 79°, 32” 
and is electric- 
ally welded 
throughout 
with spigot 
and socket jointing for welding in situ. The pipe 
thickness is '3/;6° to 2}” for a working pressure at 
Power House of 590 Ibs. per square inch. Total 
weight of the pipe line is 2,000 tons and all pipe 
and special pieces were erected, welded and tested 
by South Durham engineers and skilled workmen. 














SOUTH DURHAM 
STEEL PIPES 


South Durham Steel & Iron Co. Ltd., Pipe Department, 
Stockton-on-Tees. Telephone: Stockton-on-Tees 66117. 
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HYDRO -ELECTRIFICATION SCHEME, MOYAR 


75h.p. Motor... 7 ft. dia. Drum ... I gin. dia. Rope 
150 f.p.m. Rope Speed .. . 414 degrees Maximum 


Gradient . .. Load 6 tons Hoisting, 18 tons Lowering 


Road 2,200 ft. Long 
Pull in Rope Maximum 30,000 Ibs. 
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THE RAILWAY GAZETTE. 
A journal of Railway Management, Engineering, Operation, 
and Railway News. It covers every phase of railway activity. 
It is truly said of this journal that it is “* Read Wherever there 
are Railways.’ Yearly £4 10s. post free. Weekly 2s. 


DIESEL RAILWAY TRACTION. 
A monthly review of world-wide developments in diesel- 
engine design, practice and maintenance and diesel railway 
traction operation. Yearly 30s. post free. Monthly 2s. 6d. 


SHIPBUILDING AND SHIPPING RECORD. 
The only publication with direct appeal to both shipowner 
and shipbuilder. Its world-wide news organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Yearly £4 10s. post free. Weekly 2s. 


POWER AND WORKS ENGINEERING. 
Specifically concerned with the effectiveness and economy of 
factory services, including steam raising, power generation 
and application, and all engineering plant problems. Yearly 
35s. post free. Monthly 2s. 6d. 


COLLIERY ENGINEERING. 
A practical journal dealing with all aspects of coal production; 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Yearly 35s. post free. Monthly 2s. 6d. 


COKE AND GAS. 
A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks, and the industrial uses of these fuels. 
Yearly 30s. post free. Monthly 2s. 6d. 


THE RAILWAY MAGAZINE. 
A popular magazine containing illustrated articles on Railways 
and Locomotives Published Monthly. Prepaid Annual Sub- 
scription 32s. Single copies 2s. 6d. 


NEW COMMONWEALTH. 
Describes and illustrates significant developments in production, 
trade, transportation and related spheres in all countries of 
the Commonwealth, and provides a unique service of economic 
information from 50 countries with a total population of 560 
millions. Prepaid Annual Subscription 50s. Fortnightly 2s. 


THE INDUSTRIAL CHEMIST. 
A technical journal devoted to the progress of applied 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Yearly 35s. post free. 
Monthly 2s. 6d. 


BUILDING. 

A journal for practising and salaried architects, building 
contractors, designers and specialists. It deals with the 
planning, design, construction and the administration of 
modern building work. Yearly 35s. post free. Monthly 2s. 6d. 


woobD. 
““Wood” is the only magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees and 
timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Yearly 35s. post free. Monthly 2s. 6d. 


FOOD. 
A journal devoted to the manufacture, packing and marketing 
of processed foodstuils, and of the utmost value to firms 
supplying plant, equipment or materials for the food industry. 
Yearly 35s. post free. Monthly 2s. 6d. 


WATER POWER. 
A technical journal devoted to the study of all aspects of 
Hydro-Electric Development. Published monthly. Yearly 35s. 
post free. Monthly 2s. 6d. 


Ali above published at 33, Tothill Street, Westminster, London, S.W.| 
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TRANSMISSION TOWERS 


Specialists in the design, manufacture and supply of 
towers for this country and overseas. 
The complete manufacture, including galvanizing, is 
undertaken in these works. 


Tees Side 


THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. 
WORKS & HEAD OFFICE: MIDDLESBROUGH. TELEPHONE: 2021-4 
LONDON OFFICE: 17 VICTORIA ST., S.W.I. TELEPHONE : ABBEY 1613 


For tough going, on tough assignments you need 
Onions Empire Equipment. Whatever your require- 
ments in earth moving, Onions have the equipment 
to do the job. The 13 cubic yard Scraper illustrated 
is one of a range of six with capacities varying 
from 20 cubic yards down to 34 cubic yards to 
match all sizes of track type tractors. Special 
features of this range include low centre of gravity, 
wide wheel track, Earthmover tyres, positive 


ejection and spreading by pusher tail gate. 


om 


Full range to match 
all sizes of tractors 
3 to 5 tines. 


Double drum in 3 
sizes. Neck groups 
available for adapt- 
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Weights from 14,000 ing to a ver vi 

‘ . y wide 
Ibs. to 3,000 Ibs. range of tractors of 
all makes. 





leaflets has been prepared 
mse giving detailed specifica- 
VV OVO itmaliigviasm tions of Onions Empire 
Tractor Equipment for 
earthmoving Write for 
your copies today. 


Trg... 


Distributed throughout the world by 
JACK OLDING & CO. LTD. 
HATFIELD, HERTS. 


TEL.: HATFIELD 2333 GRAMS: “‘ TRACTORS, HATFIELD ”’ 
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Ateliers de Constructions Electriques 
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Diagram of spherical 
junction 


Hydraulic works test of 
a Ferrand patent manifold 
at high hydraulic efficiency 
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DELIVERY 





SOC CONDOTTE FORZATE, MILANO — VIA BIGLI 21, ITALY 


COFOR 


Associated with Terni, Soc. per |’ Industria e |’ Elettricita, Terni, Italy 
Grenoble, France 


Designers and manufacturers of the most modern and powerful high 
pressure pipelines with a world wide reputation 
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FROM HOLE TO 





in seconds — 


46 
28 
45 


39 
34 


35 
44 
13 


In every type of mining undertaking the Holman 





Hydraulic Drilrig means easier drilling, faster drill- 
ing and cheaper drilling. Compare these advantages 
with conventional drilling techniques :— 










The Holman Hydraulic Drilrig is 

| suitable for large or smail drifters. 
Single, double or triple boom units 
Supplied. Full working data 
available on request. 


TELEPHONE: CAMBORNE 2275 (9 
SUBSIDIARY COMPANIES, 


LINES) 
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Haunt! 


Maat 


- A \griverrnerenne 
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WITH THE HOLMAN HYDRAULIC DRILRIG ! 


@ SPEED: movement from hole to hole is a matter 
of seconds, making drilling with long-feed drills and 
tungsten carbide-tipped Holbits the fastest technique 
obtainable. 


@ MOBILITY: holes can be drilled at any angle 
in any order in face or walls—equally suitable for 
arched or square drives. 


@ SIMPLICITY : 
staging or spanner work needed. 
quickly and easily made. 


@ EFFICIENCY: hydraulic pressure holds the boom 
stable and true. All moving parts protected from mud 
and water. 


Holman 


CAMBORNE. ENGLAND 


no rigging, roof jacks, columns, 
Adjustments can be 








TELEGRAMS: AIRDRILL, CAMBORNE 
AGENCIES THROUGHOUT THE WORLD HC9 









HYDRO-ELECTRIC PLANT 
in the Scottish Highlands .... 


The Pitlochry station of the North of Scotland Hydro-Electric 

Board, shown in the illustration, contains two 8,333 kVA 

Metrovick vertical Generators driven by Kaplan turbines of 

Boving manufacture, operating at a normal speed of 167 r.p.m. ’ 

and designed for an overspeed of 480 r.p.m. Other Metrovick Agents in: AUSTRALIA 
Branches at: BUENOS AIRES, | gear in this station is the generator control equipment including CANADA, FINLAND, INDIA, 


JO’BURG, RIO DE JANEIRO, = ‘"¢ ¥°!*@8e regulators. PAKISTAN, MEXICO, NOR- 
SHANGHAL WELLINGTON, The M.V.E. Co. Ltd. also manufacture Synchronous Condensers, WAY, N. & S. RHODESIA, 
Transformers, Switchgear and automatic control equipment for 


Etc. the largest hydro-electric power schemes all over the world. PORTUGAL, SPAIN, Ete. 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD., MANCHESTER 17, ENGLAND 


Member of the A.E.1. group of companies 


MEM NOLML@ = hydro-electric plant for maximum power production 


AX/C208 





